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Abstract
Lee, Chia-Cheng. Ph.D. The University of Memphis. May 2017. Vocal Development in Englishand Chinese-learning Infants. Major Professor: D. Kimbrough Oller, Ph.D.
The dissertation focuses on infant vocal development in English- and Chinese-learning
infants during the second half year of life. Prior research on ambient-language effects in babbling
has often suggested infants produce language-specific phonological features within the first year.
These results have been questioned in research failing to find such effects and challenging the
positive findings on methodological grounds. The first study (Chapter 2) investigated Englishand Chinese-learning infants at 8, 10, and 12 months and found listeners could not detect
ambient-language effects in the vast majority of infant utterances, but only in items deemed to be
words or to contain canonical syllables that may have made them sound like words with
language-specific shapes. Thus, the first study suggests the earliest ambient-language effects
may be found in emerging lexical items or in utterances influenced by language-specific features
of lexical items. Even the ambient-language effects for infant canonical syllables and words were
very small compared with ambient-language effects for meaningless but phonotactically wellformed syllable sequences spoken by adult native speakers of English and Chinese.
The first study indicates that canonical syllables are likely to contain language-specific
elements compared with non-canonical syllables. Following the results of the first study, the
second study (Chapter 3) further investigated the development of canonical syllables across
different social circumstances (during infant-directed speech, during infant overhearing of adultdirected speech, or when infants were alone) in the two groups of infants. By evaluating the
influence of language and social circumstances on infant vocal development we address the
nature of very early language foundations and how they can be modulated. This study evaluated
the effects of circumstances. The research examined these circumstances in English- and
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Chinese-learning infants and measured vocal development in terms of canonical babbling ratios
(CBR=canonical syllables/total syllables) at 6 and 11 months in randomly-sampled all-day home
recordings. The results in fact showed a complicated interaction of infant age x infant language x
social circumstance. The complexity of the results forces us to recognize that a variety of factors
can interact in the development of foundations for language.
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Chapter 1: General Introduction
Mandarin Chinese and English are two of the most widely spoken languages in the world,
but the rules of permissible combinations of sounds (i.e., phonotactics) of the two languages are
very different. Li and Liu (1988) estimated that 62% of the syllables in Mandarin are open, with
a consonant (C) plus a vowel (V) or a V alone, including 54% CV and 8% V syllables. The rest
are syllables with /n/ and /ŋ/ at the end, including 33% CVC and 5% VC syllables. In contrast,
the number of English syllable types is far greater because English allows consonant clusters and
many more final consonants in words. That is, the syllable structures in English can be as simple
as a V as in ‘uh’ or as complex as CCCVCCC as in ‘strengths’. Besides, consonant clusters like
/st/ are permissible at the beginning and at the end of English words, as in ‘steak’ or ‘fast’, but
they are not permissible in Mandarin syllables. Inflectional morphemes, such as -s in ‘cup+s’ or
–ed in ‘want+ed’ in English are not applicable in Mandarin either. The syllable structures of
other Chinese languages such as Southern Min and Cantonese are more complex than that of
Mandarin, but both languages are still less complicated than English syllable structures.
Thus, compared to English, the syllable structures of Mandarin Chinese are simple. It
seems possible that acquiring knowledge of the relatively simply phonotactic rules could help
children segment speech chunks (Friederici & Wessels, 1993; Nazzi, Iakimova, Bertoncini,
Frédonie, & Alcantara, 2006). However, it has not been empirically determined that the relative
simplicity of syllable structure in Mandarin facilitates vocal development to be accelerated in
Chinese-learning infants. In fact the literature on possible effects of ambient language on vocal
development (i.e., the sounds of infant vocalizations shift to begin to include sounds of the
infants’ ambient language that are specific to that language) has been controversial (de Boysson-

1

Bardies, Sagart, & Durand, 1984; Eady, 1982; Engstrand, Williams, & Lacerda, 2003). There is
considerable room for more research on such possible effects.
In addition to differences in language structure, American and Chinese mothers may act
differently toward their infants based on their perceptions and beliefs about infant development,
which may in turn affect the infant’s vocal development. Examining body contact, body
stimulation, face-to-face interaction, and object stimulation, Keller et al. (2007) found that EuroAmerican mothers tended to use more face-to-face interaction, while Chinese mothers used more
body contact and body stimulation when interacting with infants. The authors suggested that
American mothers emphasized independence and autonomy, while Chinese mothers oriented
more towards interdependence and relatedness.
The dissertation focuses on infant vocal development in English- and Chinese-learning
infants during the second half year of life. The first study investigated infant babbling at 8, 10,
and 12 months in English- and Chinese-learning infants. The goals of the first study were: 1) to
determine if infants at 8, 10, and 12 months start to produce vocalizations with language-specific
elements that were discernible to adult listeners, 2) to determine if sounds of infant vocalizations
are affected by infant hearing of language-specific phonology only or by language-specific
lexical items, and 3) to examine the first two goals by eliminating possible procedural
difficulties in studying ambient-language effects found in prior studies (e.g., small sample size,
observers not effectively blinded to the ambient language of the individual infants or utterances
examined).
The second study evaluated the effects of circumstances (during infant-directed speech,
during infant overhearing of adult-directed speech, or when infants were alone) on infant
canonical syllables. The goals of the second study were: 1) to compare canonical babbling ratios
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(CBR=canonical syllables/total syllables) between English- and Chinese-learning infants at 6
and 11 months, and 2) to evaluate the effects of social and non-social circumstances on Englishand Chinese-learning infant CBR in all-day home recordings.
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Chapter 2: Subtlety of Ambient-language Effects in Babbling: A Study of English- and
Chinese-learning Infants at 8, 10, and 12 Months
Introduction
Background
Ambient-language effects in babbling can be said to occur if the sounds of infant
vocalizations shift in the direction of sounds that are specific to the infants’ ambient language(s).
Brown (1958) coined the term “babbling drift” to refer to such possible effects. The great bulk of
research on possible ambient-language effects has focused on finding language-specific phonetic
or prosodic elements in pure babbling during the first year or so. This focus implies that sounds
of babbling are affected by infant hearing of language specific phonology only rather than by
language-specific lexical items. Ambient-language effects are said to occur in “babbling” or
“prelinguistic utterances” in both textbooks reviewing these effects (e.g., Bauman-Wängler,
2012; Gleason & Ratner, 2013) and research articles reporting them (e.g., Rvachew, Alhaidary,
Mattock, & Polka, 2008; Whalen, Levitt, & Goldstein, 2007). These sources, with the exception
of Engstrand et al. (2003), who studied babbling in 12 and 18 month olds, have not focused on
the possibility that early ambient-language effects may be limited to infant words or emerging
words rather than occurring in babbling per se. The present work provides evidence from the end
of the first year of life suggesting ambient-language effects may occur discernibly only in
emergent words and not in babbling.
Ambient-language effects even in the first year seem plausible partly because evidence
suggests that auditory experience of language is essential in vocal development. Deaf infants
show very late onset of canonical babbling (CB, which by definition includes well-formed
consonant-vowel syllables such as [ba] or [ma]), a key feature of vocal development in the first
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year (Koopmans-van Beinum, Clement, & van den Dikkenberg-Pot, 1998; Oller & Eilers, 1988;
Oller, Eilers, Bull, & Carney, 1985; Vinter, 1987). In addition, hearing-impaired infants show a
less diverse phonetic repertoire than typically developing infants (Moeller et al., 2007; StoelGammon & Otomo, 1986). Moreover, hearing experience through social interaction appears to
help infants shape babbling and to facilitate phonological learning in their first year (Goldstein,
King, & West, 2003; Goldstein & Schwade, 2008; Gros-Louis, West, Goldstein, & King, 2006).
Another source of evidence that suggests possible early effects of ambient language on
infant vocal development comes from studies of speech perception in infancy. The head-turn and
high-amplitude sucking techniques, as well as electrophysiological studies have shown that
infants differentiate syllables from various languages at early ages (Eimas, Siqueland, Jusczyk,
& Vigorito, 1971; Morse, 1972; Rivera-Gaxiola, Silva-Pereyra, & Kuhl, 2005). In addition, the
experience of listening to the native language appears to influence speech perception tendencies
of the infant by the second half-year of life, with increasing tendencies for infants to respond
differentially to sound contrasts pertaining to their ambient language and to ignore contrasts not
in the native language (Eilers, Gavin, & Wilson, 1979; Werker & Tees, 1984).
Furthermore, it is clear that infants in the first year learn to recognize words and word
shapes. By 9 months they show listening preferences to items that are well-formed in their
ambient language and that occur frequently as input (Jusczyk, 2002). They are able to learn to
recognize new well-formed word shapes in a brief training session by 8 months (Aslin, Saffran,
& Newport, 1998; Saffran, Johnson, Aslin, & Newport, 1999). And they show looking
preference for familiar items that are named by 6 months, suggesting they have learned some
word/entity associations (Bergelson & Swingley, 2012; Tincoff & Jusczyk, 1999). They can
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even learn new word associations in the laboratory by 8 months if the new words are presented
with synchronous movement of the named object (Gogate, Walker-Andrews, & Bahrick, 2001).
Thus, there are several lines of evidence that infants in the first year learn about their
ambient language by listening to it, and that therefore they might show influences of that ambient
language in their own vocalizations. On the other hand, there exists a tradition of belief that
would seem to deny the very possibility of babbling drift. A discontinuity was proposed between
babbling and speech by Jakobson (1941/1968), who thought babbling (in the first year of life)
consisted of random sounds from all the world’s languages, while early speech (second year of
life) consisted of universal syllable types regardless of the infant’s language background. This
viewpoint seemed to rule out babbling drift. However, later studies have proven Jakobson to
have been incorrect—babbling is far from random, and a tendency to produce very similar
universal syllable types ([ba], [ma], [da], [na], [wa], and [ja] being universally or near
universally reported) can be seen both in canonical babbling and in early speech (Oller, Wieman,
Doyle, & Ross, 1976; Stoel-Gammon & Cooper, 1984; Vihman, Macken, Miller, Simmons, &
Miller, 1985).
The question remains, however, whether there may be additional effects on some subset
of the syllables of babbling such that certain language-specific (non-universal) features of the
ambient language (such as trills, dark l’s, palatal fricatives, etc., sounds that occur relatively
rarely in languages) may come to be present in babbling. If so, there could be some
syllabic/phonetic elements occurring in babbling of infants from one language background that
would be absent in infants from another background. A similar question arises with regard to
possible ambient-language effects based on prosodic (tonal, intonational, or rhythmic) features
reflected in babbling.
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The substantive question of babbling drift, whether syllabic or prosodic, proves difficult
to investigate. Although everyone acknowledges that there must be ambient-language effects on
vocalization at some point in the second or third year, there have been both empirical and
methodological challenges to claims that babbling drift occurs very early in life (Engstrand et al.,
2003; Navarro, Pearson, Cobo-Lewis, & Oller, 1998, 2005). The controversies revolve around
the interpretation of existing data in the context of crucial methodological difficulties (Oller &
Eilers, 1998).
Interpretive and Methodological Difficulties in Studying Ambient-language Effects
Determining what babbling is. A key issue in the study of ambient-language effects
concerns the seemingly simple question of isolating babbling from lexically influenced
vocalizations (e.g., de Boysson-Bardies & Vihman, 1991). In other words, how can we
distinguish between babbling and vocalizations that may constitute real words learned from the
ambient lexicon? The question is relevant even if an infant sound is merely an attempt to
approximate an item from the lexicon of the ambient language and even in the absence of any
awareness by the infant of an association of the lexical item with a meaning. And the question is
relevant to the interpretation of ambient-language effects even if adult listeners do not recognize
the specific relation between an infant utterance and a lexical item in the language.
This issue is important because as indicated above, researchers have generally sought to
find ambient-language effects in pure babbling, which is to say babbling utterances that have
been influenced by the phonology of the ambient language only, and not by its lexicon. While
the distinction between pure babbling and words is often fuzzy in infancy, there exists a wellformulated method to draw the fuzzy distinction. In extensive work on the early development of
vocabulary in English, Vihman and her colleagues (Vihman, Ferguson, & Elbert, 1986; Vihman
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et al., 1985; Vihman & McCune, 1994) have laid out an operational distinction: Roughly
speaking, words, in accordance with this reasoning, consist of any infant utterance that has at
some point been produced in a consistent context and that resembles a specific adult word.
Babbles do not meet these criteria, because they consist of phonetic shapes that have not been
observed to be produced in a consistent context and/or have not been observed to resemble an
adult word of the infant’s ambient-language environment. Of course this definition cannot
provide unambiguous differentiation for all infant utterances. One could reasonably ask: How
can we ever determine categorically and unambiguously that there is no consistent context of
usage for any infant utterance, and how can we be sure there is no resemblance between any
infant utterance and some lexical item? There is always the potential in babbling to find some
very general context of usage as well as some resemblance of any babbled utterance to some
word, and thus we can never conclusively determine that any utterance is pure babble.
Furthermore, the form of a babbled utterance can be relatively distant from the form of any
particular word in a language but at the same time be influenced by relatively high frequency of
occurrence of some general feature for words in that language (such as the English “ing” ending
or the [i] ending of many two-syllable words). In this way an utterance that may seem to be pure
babble could bear some language specific influence from the lexicon of that language, without
being obviously based on any individual word. This ambiguity about what babbling constitutes
presents a potential interpretive problem in all research on ambient-language effects. Having
emphasized these ambiguities, we hasten to add that the Vihman procedure provides a workable
approach for laboratory research to drawing a distinction between words and babble, a
distinction that caregivers must be able to make in order to understand their infants’ emerging
talk.
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Our approach for the present study is to simply require listeners to judge whether or not
each infant utterance under study is or is not a word in one of the languages in question, an
approach that assumes the listeners should have some of the same capabilities for drawing a
distinction between words and babbles as caregivers, at least in cases where they speak the
ambient language of the infant. In this article, we introduce an additional step, which is to
categorize infant utterances in terms of whether they include any canonical syllables (wellformed syllables which in infant vocalizations usually have a consonant-vowel structure such as
[bi], [do], or [na]), the kinds of syllables that are overwhelmingly used in real words in all
spoken languages. By adding this layer of canonical vs. non-canonical analysis, we offer the
possibility of specifically evaluating listener ambient-language detection for infant utterances
that may have an especially high probability of reflecting ambient-language lexical properties
such as word shape—empirical evidence that utterances with canonical syllables are in fact far
more likely to be judged as words than utterances without them will be presented below. These
precautions do not, of course eliminate the problem of interpretation posed by the fact that we
can never be sure that any infant utterance is pure babble. But they do provide a useful
breakdown of data to evaluate the extent to which ambient-language effects could be more easily
detected in cases where lexical influence is likely to be prominent.
Procedural difficulties in studying ambient-language effects. In addition to the
problem of differentiating babbling from early speech, all the common methods of studying
ambient-language effects are subject to other procedural difficulties. Three primary methods
have been used: (1) forced-choice language-background judgments by human listeners, who
judge whether utterances are from infants of one language background or another (i.e., an
identification task) or whether a presented pair of utterances or utterance sequences are from
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infants of the same or different language backgrounds (i.e., a same-different task) (Atkinson,
MacWhinney, & Stoel, 1970; Engstrand et al., 2003; Navarro et al., 1998, 2005; Thevenin,
Eilers, Oller, & Lavoie, 1985); (2) human coding by phonetic transcription or other auditory
descriptions of features such as syllabic stress or intonation for infants of differing language
backgrounds (de Boysson-Bardies & Vihman, 1991; Edwards & Beckman, 2008; Lee, Davis, &
Macneilage, 2010; Lléo, Prinz, Mogharbel, & Maldonado, 1996); and (3) instrumental acoustic
analysis, addressing features such as pitch, formant frequencies, or voice onset time, where
vocalizations from infants of different ambient languages are quantitatively compared (Chung et
al., 2012; de Boysson-Bardies, Hallé, Sagart, & Durand, 1989; Eady, 1980; Eilers, Oller, &
Benito-Garcia, 1984; Enstrom, 1982; Hallé, de Boysson-Bardies, & Vihman, 1991; Levitt &
Wang, 1991; Preston, Yeni-Komshian, & Stark, 1967; Rvachew et al., 2008; Whalen et al., 2007;
Whalen, Levitt, & Wang, 1991).
All three methods are difficult to implement: confounds and other design limitations in
all these methods can yield reasons to doubt outcomes. One problem is possible bias in observers
(whether forced-choice listeners, transcribers, or acoustic analysts) not effectively blinded to the
ambient language of the individual infants or utterances they examine, because recordings
presented to observers may provide indications (independent of the infant utterances) of the
ambient language.
A second problem concerns potential bias of the individual(s) who select utterances from
the language groups for presentation to observers. A third problem concerns yoking of observers
to groups, a flaw that applies only to methods 2 and 3 since in method 1, observers hear
utterances from both groups. A fourth problem concerns recordings made in different settings
(e.g., Engstrand et al., 2003; Rvachew et al., 2008), where there may be differences in the
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recordings (e.g., noise level differences) that are confounded with possible ambient-language
differences.
Another problem that affects all these kinds of studies is sample size. It is clear that
infants vary within ambient language on phonetic and prosodic characteristics of their babbling
as well as their rate of babbling and vocabulary learning (Vihman et al., 1985; Vihman &
McCune, 1994). Consequently, comparison of small sample sizes from each ambient-language
always leaves open the possibility that group differences obtained may result from mere
sampling error.
Working with large samples and controlling for the biases discussed above is costly. For
example, an optimal approach requires selection of utterances from recordings either by
individuals with no awareness of the possible hypotheses or by automated procedures with no
human intervention. Utterances from recordings would optimally be extracted such that no
background voices or differentiating noises can be heard. In addition, utterance samples from
each language group should always be dissociated (unyoked) from individual observers or
selectors of utterances. Such controls can be instituted with much greater ease now than in the
past, given improvements in the availability of digital recording and processing technologies. But
even now the costs of implementing optimal procedures in such research are high. As time
passes, automated methods for utterance selection will surely allow larger sample sizes and make
research on ambient-language effects far less vulnerable to the methodological concerns we have
raised.
The following offers more detailed perspectives on method 1, forced-choice languagebackground judgments, its associated difficulties, and reasons that reported results from key
studies have been doubted by some in the field.
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Early support for the hypothesis of babbling drift was provided by Weir (1966), who
described her experience with recordings of Mandarin-, English-, and Russian-learning infants
between 5 and 17 months. She concluded from this informal research that “we were able to
identify the Chinese-learning infants by distinct pitch patterns (p.155)”. In retrospect, it seems
likely that Weir’s casual experience was influenced by her awareness of where the recordings
had been made in each case, perhaps in part because the full recordings included the voices of
adults speaking in the background in Mandarin, Russian, or English. Her apparent awareness
(i.e., her lack of blinding to group) may have engendered potential bias in judgment. The likely
correctness of this suspicion is supported by further work with Weir’s own dataset by Atkinson
et al. (1970) using forced-choice language background judgments. In this work listeners were
presented isolated vocal segments from infants only, with no background voices, to ensure that
the listeners were blind and could only have identified language background if the infants truly
produced phonetic patterns specific to the ambient language. The researchers found, after
implementing these controls, that the listeners could not reliably identify language backgrounds
of the infants even at 16–17 months.
More recent interest in ambient-language effects has been particularly spurred on by
results of de Boysson-Bardies et al. (1984), who reported perhaps the most widely cited study of
ambient-language effects, a study based on forced-choice language-background judgments of 15s utterances produced by infants learning French, Arabic, and Cantonese. The authors reported
better than chance performance of listeners for utterances produced at 6 and 8 months but a lack
of consistent performance of listeners at 10 months. The result is puzzling because it suggests a
reversal of the presumed ambient-language effect at the oldest age tested, a finding inconsistent
with the babbling drift hypothesis. The authors suggested that ambient-language effects were

12

discerned by prosodic features, but the authors also said the utterances from 10-month-olds were
“poorer in prosodic cues (p.10)” than utterances from other age groups. But there are other
reasons for skepticism about the conclusion of babbling drift in this study.
The authors gave neither an indication that the person or persons who selected the
utterances was/were blind to the research hypothesis, nor that there was a strict protocol to
minimize possible bias in selection of utterances across the three languages. These concerns are
amplified by the fact that there were only 32 utterances altogether presented to the listeners for
the three languages. Furthermore, the text of the article does not rule out the possibility that adult
voices or background noises may have been included in these long utterances, and that these
voices might have served as cues by which listeners could identify language background.
Finally, the recordings were made in different locations, presumably with the same equipment,
but there is no indication in the text that gain settings were matched across locations, that
microphone distance from the infant was controlled, nor that any method was used to ensure that
listeners would not be able to detect differences in the signal-to-noise ratio or other background
noises in the recordings, differences that may have been correlated with the language
backgrounds.
It is notable that other studies that have exercised caution with regard to the issues of
possible biased utterance selection and possible extraneous voices in the background of
utterances presented to listeners for forced-choice judgment did not find reliable ambientlanguage effects (e.g., Atkinson et al., 1970; Thevenin et al., 1985).
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Rationale
The three methods, as indicated above, are all difficult to implement, and all of them are
subject to the problems of determining whether infant utterances are babbles or words (or
something intermediate between them). Additional work is needed to help clarify the nature of
early ambient-language effects. In this continuing effort, we think it may be possible to turn the
problem of differentiating babbling from early words into an advantage. By studying ambientlanguage effects in such a way that influences of the lexicon are addressed explicitly, we should
be able to elevate the importance of the research. Instead of looking for pure phonological
effects, we can evaluate the integrated effects of the ambient language, both phonological and
lexical, on the vocalizations of the infant. It makes sense that infants are increasingly driven to
adapt for communication as they grow, and they need increasingly to adapt to the lexicon to do
so. But we cannot be sure when that adaptation in vocal production begins. This fact imposes a
methodological difficulty that we wish to take into explicit consideration in our study. The
approach we have adopted, then, continues efforts of Engstrand et al. (2003) and Navarro et al.
(1998, 2005), who studied infants older (past the first year) than the ones in this article and
addressed possible ambient-language effects separately for items deemed to be babbles and items
for which it was determined that they were or could have been words. In addition, we have
provided another layer of analysis, a layer associated with the possibility that infant utterances
with canonical syllables might more readily reflect ambient-language properties than utterances
without canonical syllables. Thus, we offer two ways (splitting the data by words vs. non-words
and by utterances with and without canonical syllables) to consider possible effects of the
lexicon on emerging ambient-language effects.
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The research for this article was based on method 1, a forced-choice judgment paradigm.
We asked adult listeners to determine whether randomly presented infant utterances pertained to
a particular ambient language and whether they consisted of language-specific lexical items. We
chose method 1 in part for practical reasons—it offers the possibility of assessing a large number
of utterances with multiple listeners. Methods 2 and 3 (acoustic analysis and phonetic
transcription, respectively) require considerably more time per utterance and thus restrict the
number of utterances that can be evaluated. Of course, automated acoustic analysis could in the
future be very efficient, but no reliable automated acoustic system has yet been developed for
study of ambient-language effects. In addition, while methods 2 and 3 clearly both have merits in
terms of potentially determining sources of ambient-language effects, it may be that human
audition implementing intuitive forced-choice judgments has an advantage over any currently
available acoustic or transcriptional method in terms of identifying such effects, because the ear
can assess utterances at a gestalt level, whereas current acoustic analysis methods require
parameterization of acoustic features, and similarly phonetic transcription forces the listener out
of the intuitive mode in order to allow the characterization of phonetic features and sounds.
Human hearing must have been evolved to recognize many subtleties of speech including factors
involving foreign accent (a factor that is by definition related to detection of language-specific
phonetic or prosodic elements), and consequently it could be true that no current acoustic
analysis or transcription method could match the ear in detecting ambient-language effects in
infancy. Still, we grant that, whenever practical, it is worthwhile to use a variety of methods to
assess possible ambient-language effects, and our laboratory has been involved in work with all
three approaches (Eilers, Bull, Oller, & Lewis, 1984; Oller & Eilers, 1982; Thevenin et al.,
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1985). In this article, we provide acoustic analysis of fundamental frequency (F0) on the subset
of utterances that showed the most reliable ambient-language effects.
We extracted a large sample of infant utterances without other voice overlay from
English- and Chinese-learning infants at 8, 10, and 12 months. Besides Mandarin, the primary
language of most educated people in Taiwan, there is an additional Chinese language, Taiwan
Southern Min, sometimes called Taiwanese. In our study the Chinese recordings came from
homes where Mandarin was present in all cases, but where Southern Min was also often present.
By requiring listeners to categorize randomly presented utterances as English or Chinese and at
the same time requiring them to indicate whether they recognized each utterance as a word in
either language, we addressed potential ambient-language effects in a way that may shed light on
how such auditorily discernible effects emerge, whether through pure phonological adaptations
or through a combination of phonological and lexical learning. The criterion for treating an
infant utterance as a word for analysis was that at least two listener judges had to deem that
utterance to be a word during the forced-choice listening task. The criterion for identifying infant
utterances as having canonical syllables was selected by the first author (not a listener in the
forced-choice listening task) before any of the forced-choice listening tasks were conducted. By
identifying utterances with canonical syllables, we provided the basis for an additional layer of
analysis on the possible effect of the emergent lexicon on ambient-language effects.
The decision to have listeners in our study indicate possible words among the infant
utterances is in part inspired by thoughts of Vihman and colleagues (e.g., Vihman & de BoyssonBardies, 1994) who have provided a schematic model of perceptual-motor interaction in the first
year, a model that emphasizes a role for “salient adult words” associated with the “articulatory
filter” (DePaolis, Vihman, & Keren-Portnoy, 2011; DePaolis, Vihman, & Nakai, 2013;
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Majorano, Vihman, & DePaolis, 2014). Before producing canonical syllables, infants have heard
canonical syllables in speech for months, and it is reasonable to assume they will have been
aware of salient adult words containing such syllables. We hypothesize that as infants begin to
produce canonical syllables, they notice similarities of their own syllables to adult words and
may begin to be influenced in their own syllable productions by these adult words. Across time,
the infant’s vocal activity yields certain well-practiced syllable and syllable sequences forming
motor production routines that can be thought of as a repertoire of vocal motor schemes
(McCune & Vihman, 1987, 2001). When hearing adult speech, an infant filters the speech
through his or her “articulatory filter,” according to this thinking. If infants in the latter months
of the first year do indeed establish a working relation between their own babbling sounds and
salient adult words (as the model suggests), then it seems possible that some of their productions
may begin in that period to resemble some of those adult lexical items. Listeners knowing the
ambient language might be able to recognize these special productions as pertaining to the
ambient language even if the phonetics of the infant productions consist entirely of universal or
near universal syllable shapes. For example, if an English-learning infant says [babi], it could be
interpreted by an American listener as the English word “baby,” and the infant’s ambient
language could thus be identified, even though both syllables [ba] and [bi] could also occur in
babbling of infants exposed to Chinese and many other languages. The point is that English has a
very commonly occurring word with the shape CVCi, while Chinese does not. Thus, we
hypothesize, even without any difference in the syllable repertoire available to English and
Chinese-learning infants, there could be lexically-based items in babbling repertoires that could
supply information to listeners about the ambient language.
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Methods
Stimuli
Infant recordings and utterance selection. The data for the study were acquired from
the archives of two longitudinal investigations on typically developing infants from monolingual
English homes in Memphis and from Chinese (Mandarin and Southern Min) middle-class
households in Tainan, Taiwan. In each case audio recordings with high fidelity equipment had
been made across the first year of life for infants in each group. In both cases the recordings were
made during natural interactions of parents and sometimes experimenters with infants. The data
selected here overlapped with but were not identical to the data used in any of several prior
studies drawn from these archives (Buder, Chorna, Oller, & Robinson, 2008; Chen & Kent,
2009, 2010; Oller et al., 2013; Ramsdell, Oller, Buder, Ethington, & Chorna, 2012).
Forty utterances from each recording of 8 English- and 8 Chinese-learning infants at
three ages (8, 10, and 12 months, 3 males and 5 females in both cases) were extracted. There
were 1,920 utterances in total, half from English and half from Chinese recordings. Each
utterance was extracted in accord with a breath-group criterion (Lynch et al., 1995), one
utterance per breath group.
In order to limit the possibility of bias in utterance selection, we imposed a strict
procedure. The first 40 canonical or precanonical vocalizations (excluding cry, laugh, or
vegetative sounds) that met the following requirements were extracted from each recording: (1)
no other voices could be heard within the extracted utterance; (2) no audio distortion (i.e.,
clipping of the amplitude spectrum) was present; and (3) audibility was sufficient so that the
utterance would be deemed noticeable to a casual listener, and presumably to a caregiving
interactor. The goal of the selection procedure was to ensure that each selected utterance would
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be free of any possible cue to the ambient language other than cues that might be found in the
infant voice, and at the same time to ensure that each utterance was salient enough to present
useful information about the infant vocalization capacity. Although we sought to limit possible
bias in utterance selection by having strict criteria, it was not possible to blind the selector (Lee)
to the ambient language in the recordings. In future work, we hope to employ automated
selection procedures where potential selection bias can be reduced even further.
Noise-matching of the infant recordings. The two longitudinal studies from which the
utterances were drawn were conducted independently. The equipment was different, the gain
settings were different and variable, and the physical environments were different (home
recordings in Taiwan and laboratory recordings in Memphis). Before presenting utterances to
listeners for the present study, we took measures to ensure that these differences could not
become the basis for an illusory differentiation of ambient-language background of the infants,
when the differentiation might in fact be based on recognition of differences in the recordings.
Thus, in a preparatory study, we evaluated the recording differences and found that the
utterances from the audio recordings could indeed sometimes be differentiated from noise
backgrounds alone. The recordings from Taiwan often had discernibly higher noise levels (lower
S/N ratios) than those from Memphis (Lee, Jhang, Chen, & Oller, 2012).
We proceeded to an additional preparatory study to develop a procedure that would
correct for the apparent noise-level differences (Lee, Jhang, Chen, & Oller, 2013). First, 60 twosecond background noise segments were extracted from the recordings (we used 30 Chinese and
30 English segments for this purpose), with all the recordings from all ages to be used in the
present study being included in the selection of noise segments. Background noise segments
were extracted such that no other sounds or voices could be heard in any segment. Second, 60
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infant utterances were extracted, with 30 from each language group. Then a randomly selected
noise segment from the Chinese segments was mixed with each of the English utterances. Then
listeners were presented with three tasks in counterbalanced orders. In each task, they heard
randomly ordered segments (half from the Chinese recordings and half from the English
recordings) and were asked to judge each as having higher or lower noise content. In the first
task only noise was involved, and the eight English and five Chinese listeners were significantly
able to tell that one set of recordings (the Chinese recordings) had higher noise levels (65%
correct, much higher than chance). In the second task the real infant utterances without noise
addition (including the noise differences across the Chinese and English recordings) were
presented, and listeners again could significantly discern (59% correct) the higher noise levels of
one set of recordings (the Chinese recordings). But in the third task, where the noise levels had
been equalized by mixing of background noise from the Chinese recordings into the English
recordings, the listener performance fell to chance (< 50% correct).
With these results in hand, we adjusted all the English utterances selected for the present
study using the procedure of noise mixing. For each of the 960 English utterances, a noise
segment was added, drawn at random from the noise background segments of the Chinese
recordings, with all the Chinese recordings from all ages being included in the selection of noise
segments. With these precautions we guarded in the present investigation against possible
illusory differentiation of the utterances by ambient language when in fact the differentiation
might have been based on noise-level differences.
Adult utterances composed of pseudo words. Previous published research has not to
our knowledge ever provided a basis to reference reported effect sizes in ambient-language
studies against effect sizes for detection of phonological/prosodic differences in the speech of
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mature native language users. In order to provide perspective on the magnitude of any possible
effects of ambient-language identification based on infant utterances, we resolved to compare
those effects with ambient-language identification of adult utterances lacking lexical identifying
information. We thus constructed a set of pseudo words/sentences for both English and
Mandarin, where each pseudo word was required to obey the phonotactic constraints of its
language. The 40 English-like (n = 20) and Mandarin-like (n = 20) pseudo words/sentences were
recorded by native speakers (Oller for English, Lee for Mandarin) first and then the recordings
were used as models for each of the native speakers (five for English, five for Mandarin) to
mimic as they made recordings of the pseudo words/sentences that would be used to present to
listeners for ambient-language judgments in our study. The syllable sequences were pronounced
with the same tones and intonations as occurred in the real conversations that had been used as
models by Lee and Oller to construct the pseudo words/sentences (see “original transcript” Table
1). The stimuli were all phonotactically well-formed for the language, but completely
meaningless. We took the precaution of ensuring that the listeners for the forced-choice
judgments did not know the native speakers who recorded the sentences, so we could be sure that
the listeners judged the ambient language of the pseudo sentences based on the content, not on
the voices of speakers familiar to them. The conversations plus the pseudo words used to replace
them are represented orthographically and in International Phonetic Alphabet (IPA) for our
stimuli in English and phonetically using the Zhuyin fuhao (i.e., Mandarin phonetic alphabet,
taught in all elementary schools in Taiwan) and IPA in Table 1.
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Table 1
English and Mandarin Pseudo Words
English pseudo words
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Original transcript

ningra, mormy ['nĩŋɻə, 'moɻmi]

Morning, Myra.
You're taking Ecology Three
youking lartam ethra? ['jukĩŋ 'laɻɾəm 'ɛɵɻə?]
Eleven, too?
h
Kolay itsik ['k owlej 'ɪtsɪk]
Looks like it.
manotta theyly istive. [mə'nɔɾə 'ðejli 'ɪstiv]
It's my only elective this term.
h
pendly? ['p ɛ̃nli?]
Really?
wuhpannend? [wʊ'pʰæ̃nəñ d?]
What happened?
h
nurustah recalsus pankit. [nu'ɻʌstə ɻɪ'k ælsəs
Now I've got to pick up all the
h
'p æ̃ŋkɪt]
required courses I've been ignoring.
toonaferstees moo chun, teenam. [t hu'næfɚstiz
University's just too much fun, I
h
h
mu tʃ ʌn, 't ĩnæ̃m]
guess.
poo timit shardows? [phu 'thɪmɪt
'ʃaɻɾowz]
Too many parties?
̃
h
choo nemow… [tʃ u nə'mow]
But you know
gar doo gawzee lerfuh, Elding? ['gaɻ ɾu 'gawzi
Are you going to the job fair,
'lɚfə, 'ɛldɪŋ?]
Zelda?
̃
boochet! [bu'tʃhɛt]
You bet!
ruh jummy latev nasper [ɻə ‘dʒʌ̃mi 'læɾəv
I'm going to have no money left at
'næspɚ]
all after this term.
fing ooter? [fɪŋ̃ 'uɾɚ?]
You going?
wuh beed kust gow burgust [wu bid khʌst gaw
I've gotta find work by July or
'bɚgəst]
August at the latest.
im yo jahssiet neeb linta [ɪ̃m jow 'dʒɑsit nib
I don't really need to find a job right
‘lɪñ tə]
away
mun thartahmun padmag [mũn ɵɑɻ'thɑ̃məñ
I can always part-time in my dad's
h
'p ædmæg]
shop
ruhtay waff uh rouk, kahrry?['ɻʌɾej wæf ʌ ɻawk, But I do have to get going on my
'khɑɻi?]
career, eh?
ruh ven aht ferkship mefehver [ɻʌ 'vɛñ ɑt 'fɚkʃəp Or I'll end up in his workshop
mə'fɛvɚ]
maybe forever.
What kind of business is it,
wahn ee tanuhweed, klowa [wʌ̃n i 'thæ̃nəwid
anyway?
'khlowə]
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Table 1 English and Mandarin Pseudo Words (Continued)
Original transcript (English
translation)

1

Mandarin pseudo words
ㄕㄞˊ ㄕㄨㄛˇ [ʂɑj2 ʂwɔ3]

2

ㄙㄨˇ ㄗㄟˋ ㄙㄟˋ ㄙㄨㄣˊ [su3 tse4 se4 swən2]

我叫大明。(My name is Da Ming.)

ㄕㄨㄢˇ ㄏㄣ ㄑ一ㄡˋ ㄎㄨㄢˋ ㄗㄚˋ ㄙㄜˊ [ʂwɑn3
hən1 tɕhjo4 khwɑn4 tsɑ4 sə2]
ㄋㄩㄝˇ ㄇㄜˋ ㄗㄚˋ ㄙˊ ㄋ一ㄠ ㄇㄡ ㄔㄨㄣˋ ㄇ
ㄨ? [nyɛ3 mə4 tsɑ4 sɨ2 njɑw1 mo1 tʂhwən4 mu1?]
ㄑㄩㄣˇ ㄘㄤˋ ㄋ一ㄥ ㄊㄥˋ ㄙㄨㄣˊ ㄇ一ㄢ
[tɕhyən3 tshɑŋ4 njəŋ1 thəŋ4 swən2 mjɛn1]
ㄇ一ㄝˇ ㄙㄥ ㄎㄥˋ ㄏㄚˋ ㄉ一ㄡˋ ㄤˇ ㄇㄤˋ ㄇ一
ㄡˇ [mjɛ3 səŋ1 khəŋ4 hɑ4 tjo4 ɑŋ3 mɑŋ4 mjo3]

很高興見到您。(Nice to meet you.)

7

ㄈㄡ ㄇ一ㄢ ㄇㄜ? [fo1 mjɛn1 mə1?]

真的嗎？(Really?)

8

ㄍㄤˊ ㄔㄨㄣˋ ㄆㄣˇ ㄏㄣ 一ㄞˋ? [kɑŋ2 tʂhwən4
phən3 hən1 jɑj4?]

您在哪工作？(Where is the company
you work with?)

9

ㄖㄨㄥˋ ㄘㄤˋ ㄋㄜˋ ㄗㄤˊ [ʐwɔŋ4 tshɑŋ4 nə4 tsɑŋ2]

現代建築。(Modern architect.)

10

ㄔㄚˇ ㄖㄢˋ ㄊㄥ ㄘㄨㄛˇ [tʂhɑ3 ʐɑn4 thəŋ1 tshwɔ3]

我是經理。(I am a manager.)

11

ㄨㄞˊ ㄥˋ ㄐ一ㄡˊ ㄌㄡ ㄌㄩ? [wɑj2 əŋ4 tɕjo2 lo1
lu1?]

您住倫敦嗎？(Do you live in
London?)

12

ㄋㄨㄢˋ ㄏㄜˇ ㄎㄥˋ ㄒ一ㄡˊ ㄌㄩㄝ ㄌㄜˊ [nwɑn4
hə3 khəŋ4 ɕjo2 lyɛ1 lə2]

不，我是臺灣人。(No, I am
Taiwanese.)

ㄋㄡˇ ㄅㄤˊ ㄓㄨㄞˊ ㄖㄨㄛˇ ㄐㄩㄢˊ ㄟ [no3 pɑŋ2
ʐwɑj2 roɔ3 tɕyɑn2 e1]
ㄋㄣˊ ㄋㄩㄝˊ ㄖㄨㄥˋ ㄘㄨˇ ㄣˇ? [nən2 nyɛ2
ʐwɔŋ4 tshu3 ən3?]
ㄙㄜˇ ㄖㄨㄢˋ ㄋㄩˋ ㄘㄜˊ ㄅㄣˊ[sə3 ʐwɑn4 ny4
tshə2 pən2]
ㄖㄜˊ ㄅㄣˊ ㄆㄢˇ 一ㄞ ㄇㄤˋ ㄙㄟ[ʐə2 pən2 phan3
jɑ1 mɑŋ4 se1]

我從臺北來的。(I am from Taipei.)

17

一ㄞˋ ㄌㄜˇ ㄖㄨㄥˋ ㄊㄥˋ [jɑ4 lə3 ʐwɔŋ4 thəŋ4]

漢堡附近。(Around Hamburg.)

18

ㄕㄟˋ ㄑㄩㄣˇ ㄆㄡˋ ㄑㄩㄣˋ ㄏㄟˊ ㄎㄣˋ ㄋ一?
[ʂe4 tɕhyən3 pho4 tɕhyən4 he2 khən4 ni1?]

漢堡是大城市嗎？(Is Hamburg a big
city?)

ㄙㄣˇ ㄍㄟˋ ㄉ一ㄡˇ ㄔㄨㄚˇ ㄔㄨㄚˋ ㄖㄨ ㄖㄜˊ
[sən3 ke4 tjo3 tʂhwɑ3 tʂhwɑ4 ʐu1 ʐə2]
ㄘㄤˋ ㄖㄣ ㄌㄥ ㄎㄨㄞˊ ㄇ一ㄥˋ ㄆ一ㄡˋ ㄌㄨㄢ
ㄎㄢˊ ㄎㄥˋ [tshɑŋ4 ʐən1 ləŋ1 khwɑj2 mjɔŋ4 phjo4
lwɑn1 khɑn2 khəŋ4]

有近兩百萬居民。(Around two
million people.)

3
4
5
6

13
14
15
16

19
20

您好。(Hello.)
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你是做什麽工作的？(What do you do
for living?)
我是個建築師。(I am an architect.)
我們在建造體育場。(We are now
building a gym.)

您來自哪裏？(Where are you from?)
我住在德國。(I live in Germany.)
德國什麽地方？(Which part of
Germany?)

是個非常漂亮的城市。(It's a very
beautiful city.)

Listener Participants
Seven Chinese (Mandarin and Southern Min) and six American-English listeners
participated in the forced-choice listening task (all females; ages 20–30). The English listeners
were monolingual graduate students in the School of Communication Sciences and Disorders at
the University of Memphis, while the seven Chinese listeners were native speakers of Mandarin
and secondary speakers/listeners of Southern Min, three of whom were graduate students, the
remainder undergraduates.
The Chinese speakers were also speakers of English as a second language having studied
in the Foreign Languages and Literature Department at the National Cheng Kung University in
Tainan, Taiwan. According to self-report and report of the faculty supervisor in Taiwan (Chen),
all the Chinese listeners had been studying English for at least 15 years, and they all had
conversational English skills. The American-English speakers were aware that Mandarin is a
tonal language, but they had never studied Mandarin or any other tone languages as foreign
languages. All the listeners from both language backgrounds had received training in phonetic
transcription. None of the listeners had a history of sensorineural hearing loss. The fact that the
Chinese listeners knew both English and Chinese while the American listeners know only
English imposes, of course, a requirement that we provide results for the listener groups
separately for comparison.
Both Mandarin Chinese and Southern Min are tone languages, and both are Chinese
languages, but they are not mutually intelligible. The two languages share many phonological
and lexical characteristics, but the phonological system of Southern Min is more complex than
that of Mandarin. Mandarin allows only /n/ and /ŋ/ in syllable-final position, while /n/, /ŋ/, /m/,
/p/, /t/, /k/ are allowed at the end of syllables in Southern Min. Mandarin has four lexical tones:
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high-level, rising, falling-rising, and falling (Yip, 2002), while Southern Min has 7: high-level,
high-falling, low-level, high-falling-short, low-rising, low-falling-short, and low-falling.
Southern Min has a three-way stop voicing contrast, including voiced, aspirated, and unaspirated
stops, while Mandarin only has aspirated and unaspirated stops (Chung, 1996). Southern Min is
widely spoken in Taiwan, but Mandarin is the official language used in schools and is more
frequently used than Southern Min (Ministry of Education, 2015).
Listening Procedure
Listeners were presented with the 1,920 utterances in random order in 16 sets of 120
utterances, each through earphones. The order of presentation of sets was counterbalanced.
Listeners were told that in each set of utterances, half the utterances were from English-learning
infants and half from Chinese-learning infants. For each utterance, listeners gave a forced-choice
answer to the following two questions: “Is the utterance from a Chinese- or English-learning
infant?” followed by, “Is the utterance a word or words?” If listeners could not recognize the
utterance as a word(s), they answered “no”. Otherwise they entered a gloss of the word, for
example, “doggie”. After the judgments for the infant utterances were completed, the listeners
were also presented with the 40 adult pseudo words/sentences in random order. Here, the
question was “Is this an English-like or Mandarin-like utterance?” For both infant utterances and
adult pseudo words/sentences, listeners were allowed to listen to each utterance three times.
Data Analysis
Exclusion of a small number of utterances and judgments. Three utterances from the
English-learning infants were excluded because after applying the noise-mixing method, the
background noise was so loud it effectively obscured the original utterances, yielding 1,917
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utterances for analysis. Twelve responses from Chinese listeners were missing due to technical
problems, so a total of 24,909 responses were analyzed.
Subcategorization of infant utterances as words and as utterances containing
canonical syllables (CB). The data included a breakdown of infant utterances such that some
were deemed to be words, and some not. We assigned an utterance to the category of words if at
least 2 of the 13 listeners judged that particular utterance to be a word. The data were also broken
down by whether each utterance was deemed to have a canonical syllable or not. For this
breakdown, the lead author, who was not a listener in the forced-choice judgment task, listened
to all 1,920 utterances and judged them to include or not include a canonical syllable before any
of the coding was conducted. To access the reliability of canonical syllable subcategorization, we
ran a separate study using the same set of 1,920 infant utterances (Lee, Jhang, Chen, & Oller,
2013). Agreement between the two coders (the first and second authors) on canonical babbling
ratios (the number of canonical syllables divided by the total number of syllables) on the fortyeight 40-utterance samples was r = 0.91 (8 infants x 3 ages x 2 languages = 48).
To assess our assumption that utterances judged independently to have canonical
syllables would be more likely to be categorized as words by the forced-choice listeners, we
conducted odds tests. About 15% of utterances (n = 286) in the sample (n = 1,917) were deemed
to have canonical syllables. 6% of utterances (n = 120) were judged to consist of words. Yet 31%
that were judged to have canonical syllables were also judged to be words (n = 88, 88/286 =
0.31), and 73% that were judged to be words were also judged to have canonical syllables
(88/120 = 0.73). The odds then that an utterance not judged to have canonical syllables would be
categorized by the listeners as a word according to our criterion was 2% (32 words out of 1,631
utterances without canonical syllables), while the odds that an utterance that was judged
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canonical would be categorized as a word according to our criterion was 31%, indicating that an
utterance with canonical syllables was 15.7 times more likely to be judged a word than an
utterance without canonical syllables. We also extracted F0 (fundamental frequency) for the final
canonical syllable in each of these 88 utterances in Praat (Boersma & Weenink, 2014).
Statistical approaches. For the initial analysis (not distinguishing among the 1,917
utterances between listener-identified words and non-words nor between utterances with or
without canonical syllables), a Generalized Linear Mixed Models was used since outcomes were
binary coded, 1 correct and 0 = incorrect judgments. Analysis was done using SAS Proc
GLIMMIX. In this model, there were 2 within-subjects variables (infant ambient language
[Chinese or English], infant age [8, 10, or 12 months]), 1 between-subjects variable (listener
language), 2 random variables (individual infants and listeners), and 1 dependent variable
(listeners’ scores). In these additional analyses, three mixed models analyses of variance were
conducted. The first model consisted of two within-subjects variables (infant ambient language
[Chinese or English] and word status [words or non-words]), one between-subjects variable
(listener language), two random variables (individual infants and listeners), and one dependent
variable (listeners’ scores). The second model included two within-subjects variables (infant
ambient language [Chinese or English] and canonical syllable status [CB or non-CB]), one
between-subjects variable (listener language), two random variables (individual infants and
listeners), and one dependent variable (listeners’ scores). The third model included one withinsubjects variable (canonical words [canonical words or non-canonical words]), one betweensubjects variable (listener language), and one dependent variable (listeners’ scores). The
variables words and canonical words were highly correlated (words, Tolerance = 0.28, VIF =
3.5; canonical words, Tolerance = 0.27, VIF = 3.69), while the variable canonical syllable status
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in the main model caused over-fitting. Thus, in addition to the initial analysis for all the data, we
conducted additional analyses to avoid the problems of collinearity and over-fitting.
We present results and figures using proportion correct. We also show sensitivity (d’) and
bias values (C) (Macmillan & Creelman, 2004) to indicate performance of individual listeners
across the whole set of utterances and to indicate possible bias of listeners to judge infant
utterances predominantly as from English or from Chinese language backgrounds (accounting
thus for possible “native language” or “own language” bias).
Results
The Initial Analysis Mixed Model Results
The first analysis (Table 2, Column 1) showed no significant main effects of listener
language or infant ambient language. There was, however, a significant main effect of infant age
(p < .001). The listener language and infant ambient language main effects were not significant.
Two two-way interactions were significant: infant age by infant ambient language (p < .0001)
and infant ambient language by listener language (p < .0001). The listener language by infant age
interaction was not significant. There was also a significant three-way interaction of infant age
by infant ambient language by listener language (p < .003).
The additional analysis (first model, Table 2, Column 2) showed a significant main effect
of word status (p < .0001), indicating that ambient-language detection was significantly higher
for words than for non-words, but the main effects of infant ambient language and listener
language were not significant. The two-way interactions were significant: infant ambient
language by word status (p < .0001), listener language by word status (p < .0001), and infant
ambient language by listener language (p < .0001). There was also a significant three-way
interaction of word status by infant ambient language by listener language (p < .0001).
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The additional analysis (second model, Table 2, Column 3) for effects of canonical
syllables (CB) showed a significant main effect of canonical syllable status (p < .0001),
indicating that ambient-language detection was significantly higher for utterances containing
canonical syllables than for other utterances, but the main effects of infant ambient language and
listener language were not significant. The interactions of infant ambient language by canonical
syllable status (p < .0001) and infant ambient language by listener language (p < .0001) were
significant, but listener language by canonical syllable status was not significant. There was no
significant three-way interaction.
The additional analysis (third model, Table 2, Column 4) assessing effects of words
containing canonical syllables (canonical words) in contrast with all other utterances showed a
significant main effect of canonical words (p < .0001), indicating that ambient-language
detection was significantly higher for canonical words than for other utterances, but the main
effect of listener language was not significant. The interaction of listener language by canonical
words was not significant.
Table 2
Overall Mixed Model Results

Main effects

Column 1
Main model
(including analysis of all
1,917 utterances)

Column 2
Additional model 1 on
word status (120 words
vs. 1,797 non-words)

Column 3
Additional model 2 on
canonical syllable (CB)
status (286 utterances
with CB vs. 1,631
utterances without CB)

infant age**

word status**
(words˄ vs. non-words)
infant ambient language
listener language

canonical syllable status
** (CB˄ vs. non-CB)
infant ambient language
listener language

infant ambient language
listener language
(Displayed in Figure 5,
left pair of bars)
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Column 4
Additional
model 3 on
canonical
words
(88 canonical
words vs. 1,829
non-canonical
words)
canonical
words**
listener
language
(Figure 5 middle
pair, ENL˄ vs.
CHL˄)

Table 2 Overall Mixed Model Results (Continued)
Interactions

Random
effects

listener language x
infant age (Figure 1A)
ENL for 08 mo
CHL for 08 mo
ENL for 10 mo
CHL for 10 mo
ENL for 12 mo
CHL for 12 mo
infant ambient language
x infant age**
(Figure 1B)
ENI at 08 mo
CHI at 08 mo
ENI at 10 mo
CHI at 10 mo
ENI at 12 mo
CHI at 12 mo˄
infant ambient language
x listener language**
infant age x Infant
ambient language x
listener language*
(Figure 2)
ENI at 08 mo for ENL
ENI at 08 mo for CHL
CHI at 08 mo for ENL˅
CHI at 08 mo for CHL
ENI at 10 mo for ENL
ENI at 10 mo for CHL
CHI at 10 mo for ENL
CHI at 10 mo for CHL˄
ENI at 12 mo for ENL
ENI at 12 mo for CHL
CHI at 12 mo for ENL
CHI at 12 mo for CHL˄
individual listeners
(Figure 3A)
individual infants
(Figure 3B)

listener language x word
status** (Figure 4A)
ENL for words˄
ENL for non-words
CHL for words
CHL for non-words

listener language x
canonical syllable status
(Figure 4C)
ENL for CB˄
ENL for non-CB
CHL for CB˄
CHL for non-CB

listener language x word
status** (Figure 4B)
ENL for words
ENL for non-words
CHL for words˄
CHL for non-words

infant ambient language
x canonical syllable
status** (Figure 4D)
ENI for CB
ENI for non-CB
CHI for CB˄
CHI for non-CB

infant ambient language
x listener language **
infant ambient language
x listener language x
word status**

infant ambient language
x listener language**
infant ambient language
x listener language x
canonical syllable status

individual listeners

individual listeners

individual infants

individual infants

listener
language x
canonical
words

CHL = Chinese Listeners, ENL = English Listeners, CHI = Chinese-learning infants, ENI =
English-learning infants, mo = months, CB = canonical syllables; *p<.05, **p<.001, ˄ambient
language detection statistically significantly above chance, ˅statistically significantly below
chance
Because the Chinese listeners knew both English and Chinese, they were in a position to
judge word status in many more instances than the English listeners, and they could have had an
advantage in determining ambient-language effects in non-words as well. Consequently, our
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interpretation of the above effects needs to consider this complexity. Below, we present the data
in various graphic illustrations, and offer interpretations adjusted to account for the listener group
differences.
The mixed model results also indicate whether ambient-language detection was
significantly better than (or in some cases worse than) chance for the various subcategories of
judgment. We will consider these outcomes along with the graphic illustrations.
Descriptive results in graphic form. The overall performance of the listeners for the
entire set of utterances was 50% correct for English listeners and 52% correct for Chinese
listeners. Figure 1A shows the performance of the two groups of listeners for the infant
utterances at 8, 10, and 12 months, indicating a small, non-significant ambient-language effect
overall. The blue symbols, representing English listeners, show a nonsignificant worse-thanchance performance at 8 months and a slightly better-than-chance performance at 10 and 12
months, whereas the red symbols, representing Chinese listeners, show a better than-chance
performance at all three ages. There was no significant infant age by listener language interaction
and none of the differences from chance at any age or for either listener group was significant.
Figure 1B shows the performance of the two listener groups combined for utterances
from English- and Chinese-learning infants at the three ages. The judgments on Chinese-learning
infants (blue symbols) showed increased ambient-language detection over time, with
significantly better- than-chance performance at 12 months (β = − 0.21, SE = 0.09, p < .03). In
contrast, utterances from English-learning infants (red symbols) showed no such consistent
change and no significant differences from chance. The difference between infant groups on
infant age was reflected in the significant infant age by infant ambient language interaction,
mentioned above.
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Proportion correct

A

0.6
0.58
0.56
0.54
0.52
0.5
0.48
0.46
0.44
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0.4

chance
English
Listeners
Chinese
Listeners

8 months

Proportion correct

B

10 months

0.6
0.58
0.56
0.54
0.52
0.5
0.48
0.46
0.44
0.42
0.4

12 months

*

chance
English Infants
Chinese Infants

8 months

10 months

12 months

Figure 1. (A) Ambient-language detection by infant age and listener language. (B) Ambientlanguage detection by infant age and infant ambient language. *p < .05.
Figure 2 helps shed light on the complex results of Figure 1. Figure 2 shows the
performance of the two listener groups for the utterances from the English- and Chinese-learning
infants at each age. The English listeners performed significantly worse than chance with
Chinese-learning infants at 8 months (β = 0.33, SE = 0.10, p < .002), but not significantly
different from chance for any of the other possible comparisons. The Chinese listeners performed
significantly better than chance at 10 months (β = − 0.24, SE = 0.09, p < .02) and 12 months
(β = − 0.29, SE = 0.09, p < .005) for Chinese-learning infants.
The significant three-way interaction (infant age by infant ambient language by listener
language) mentioned above is reflected in the differing patterns across the three panels of
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Figure 2. The Chinese listeners did better with the Chinese-learning infants at all ages. In
contrast, the English listeners did better with the English-learning infants at 8 and 10 months but
better with the Chinese-learning infants at 12 months. This pattern reveals a bias effect of listener
language background (the native-language or “own language” bias effect). Chinese listeners
tended to make more Chinese judgments and thus tended to be correct more often for Chineselearning infants than for English-learning infants. Such misleading correctness on one language
would happen even with no real ambient-language detection since there were an equal number of
Chinese and English stimuli. Similarly, English listeners tended to make more English judgments
(but only at 8 and 10 months), and thus were more often correct for English than for Chinese.
This native-language bias effect may be thought to account for the significantly poorer than
chance performance of English listeners on Chinese-learning infants at 8 months.

0.6
0.58

8 months

10 months

Proportion correct

0.56

*

12 months

*

chance

0.54

English
Listeners

0.52
0.5
0.48

Chinese
Listeners

0.46

*

0.44
0.42
0.4
English Infants

Chinese Infants

English Infants

Chinese Infants

English Infants

Chinese Infants

Figure 2. Interaction among infant age, infant ambient language, and listener language in
ambient-language detection. *p < .05.
Table 3 shows the performance of individual listeners across the whole set of utterances
for proportion correct, sensitivity (d’), and bias (C). d’ reflects the difficulty of ambient-language
detection; that is, the higher the d’, the better the listeners differentiated the two infant groups,
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with positive values reflecting correct identification and negative values incorrect identifications.
C is used to measure listener bias toward one language over the other; C = 0 means that an
individual does not show bias toward either of the languages, while values above or below 0
indicate bias. Nine of the 13 listeners showed d’ above 0 but below 1, indicating that they were
able to differentiate the two groups some of the time but not often. In contrast, four of the
listeners showed d’ below 0, indicating that they were consistently guessing the wrong language
more often than guessing the right language. As for bias, only 7 of the 13 listeners actually
showed a bias value corresponding to their own language—the others chose the non-native
language more often than the native language. Although we noted an overall native-language
bias effect in Figure 2, clearly only some of the listeners showed the effect.
Table 3
Ambient-language Detection by Individual Listeners for the 1,917 Utterances, Corresponding to
the Main Model Results in Column 1, Table 2.

ID

English
listeners

Chinese
listeners

Proportion
correct

Sensitivity, d' (Higher
values indicate better
language detection)

Bias, C (Positive
values indicate
bias toward Chinese)

EBS
EKG
JER
LMM
MAC
SDM

0.50
0.49
0.49
0.51
0.51
0.50

-0.01
-0.05
-0.03
0.08
0.10
0.02

0.02
0.01
0.05
-0.20
-0.04
-0.22

YSJ
ALE
DEM
EHU
FLC
FHL
JWK

0.50
0.50
0.52
0.47
0.49
0.53
0.49

0.10
0.12
0.24
-0.08
0.09
0.35
0.07

0.00
0.38
-0.07
0.21
0.10
-0.08
0.04
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Figure 3A shows the performance of individual listeners across the set of utterances. For
the blue bars, representing English listeners, none performed better than chance. But for the red
bars representing Chinese listeners, FHL performed significantly better than chance (β = − 0.13,
SE = 0.05, p < .02), while EHU performed significantly worse than chance (β = 0.12, SE = 0.05,
p < .03). Thus, the Chinese listeners detected ambient language slightly better than English
listeners on the entire set of utterances, but only one individual showed this effect significantly,
while another individual showed the paradoxical significant tendency to identify the wrong
language. Across infants, differences from chance in language judgment were larger than in the
case of listeners (see Figure 3B). Seven of the infants were identified at significantly different
from chance levels, but four were assigned to the wrong language. This paradoxical
identification occurred for two English-learning infants (KA: β = 0.19, SE = 0.09, p < .05; KS:
β = 0.25, SE = 0.09, p < .02) and two Chinese-learning infants (XJ: β = 0.20, SE = 0.09, p < .04;
YL: β = 0.34, SE = 0.09, p < .002). On the other hand, the right language was identified for only
two Chinese- and one English-learning infants at statistically significant levels (EA: β = − 0.24,
SE = 0.09, p < .02; QC: β = − 0.28, SE = 0.09, p < .006; SH: β = − 0.35, SE = 0.09, p < .002).
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Figure 3. (A) Ambient-language detection by individual listeners. (B) Ambient-language
detection by listeners on individual infants. *p < .05.
Figure 4A (and see Table 2, Column 2) shows performance broken down by listener
groups for infant utterances where at least two of the thirteen listeners judged utterances as
words as opposed to all other utterances (non-words). This figure illustrates the significant
interaction of listener language by word status (p < .0001). 120 of the 1,917 utterances, only 6%
(120/1917), were judged to be words by this criterion, with 70 Chinese (CH) utterances and 50
English (EN) utterances being deemed words. Only English listeners did significantly better than
chance for words (β = − 0.49, SE = 0.10, p < .0001). Interestingly, the English listeners showed
performance above 50% on both groups of infants for words (66% for English-learning infants
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and 57% for Chinese-learning infants, the left-hand blue bar representing the combination). The
Chinese listeners showed 68% correct for words produced by Chinese-learning infants, while
obtaining only 36% correct for English-learning infants’ words (the combination being
represented by the red bar on the left in the figure). In the next paragraph we offer a suggestion
to explain the unexpected interaction of listener language by word status: the surprises were that
English listeners (even though they only knew English) did better than chance on words from
infants of both language backgrounds, whereas Chinese listeners did not perform above chance
(even though they knew both languages).
The mixed model results in Figure 4A may have been skewed by the 28
“mama” utterances (21 from English-learning infants and 7 from Chinese-learning infants).
“mama” was by far the most frequently occurring word identified by the listeners. Because
“mama” means “mother” in both English and Chinese, the listeners tended to guess their own
native language, and consequently the English listeners tended to get many more answers correct
on “mama”, while Chinese listeners tended to get many more “mama” utterances wrong. We also
examined other utterances portrayed by the listeners as various canonical forms that could be
words in one of the languages or the other (e.g., “aba” could mean “father” in Chinese, “dada”
could mean “father” in English). In no case was the imbalance of distribution for production of
these canonical forms by English-learning infants vs. Chinese-learning infants so strong as in the
“mama” case. Thus, we presume that the unexpected imbalance in the data on “mama” produced
mostly by one English-learning infant in a single session (n = 16 at 10 months) may have played
a role in the unexpected interaction of listener language by word status.
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Figure 4. (A) Ambient-language detection by listener language background on utterances
identified as words vs. non-words. (B) Ambient-language detection by infant language
background for infant utterances identified as words vs. non-words. (C) Ambient-language
detection by listener language background on utterances identified as including canonical
syllables and all other utterances. (D) Ambient-language detection by infant language
background for infant utterances identified as including canonical syllables and all other
utterances. *p < .05.
Figure 4B (and see Table 2, Column 2) shows the same utterance breakdown as 4A,
words (n = 120) vs. non-words (n = 1797). Consistent with the pattern in Figure 4A, language
detection for words was significantly better than for non-words. In this case, the judgments for
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Chinese-learning infants (but not English-learning infants) on words showed significantly better
than chance language detection (β = − 0.53, SE = 0.10, p < .0001). Both groups of
listeners showed higher than 50% correct on words of Chinese-learning infants (a combined
effect of 57% for English listeners and 68% for Chinese listeners, represented by the left-hand
red bar in Figure 4B). Neither words nor non-words from English-learning infants showed
significantly above-chance language detection.
How might we explain the better performance on words from Chinese than from English
infants? We speculate that: (1) English listeners made “correct” identifications through nativelanguage bias on the large number of “mama” utterances from English infants, and these
“correct” identifications were somewhat counterbalanced by the many “incorrect” judgments by
Chinese listeners on these same utterances; (2) the remaining words (not “mama”) from Englishlearning infants may have provided no real information to either listener group regarding
ambient language; and (3) the words from Chinese-learning infants appear to have included real
ambient-language indicators since both groups of listeners, and especially the Chinese listeners,
performed better than chance on them.
Figure 4C (and see Table 2, Column 3) shows the performance broken down by listener
groups for the subset of utterances identified by the first author before any of the coding was
conducted as having at least one canonical syllable (CB, n = 286, CH n = 163; EN n = 123) vs.
all other utterances (non-CB, n = 1631). 88 of the 120 words were deemed CB, so they are also
represented here among the 286 canonical utterances. Ambient-language detection was better for
CB than for non-CB (p < .0001). Both the English listeners (β = − 0.18, SE = 0.08, p < .04, 51%
for English-learning infants and 58% for Chinese-learning infants, combined effect represented
by the left-hand blue bar, Figure 4C) and Chinese listeners (β = − 0.19, SE = 0.08, p < .02, 46%
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for English-learning infants and 64% for Chinese-learning infants, left-hand red bar) did
significantly better than chance. In contrast, non-CB were not identified reliably by either group
of listeners. The data from the two listener groups combined showed significantly better-thanchance performance on CB (β = − 0.18, SE = 0.07, p < .01), but not on non-CB (β = − 0.03, SE =
0.06, p = .59).
Figure 4D (and see Table 2, Column 3) shows the performance broken down by infant
groups for CB and non-CB as in Figure 4C. CBs from Chinese-learning infants were judged
significantly better than chance (β = − 0.43, SE = 0.09, p < .0001) (57% for English listeners and
68% for Chinese listeners, combined in the left-hand red bar in Figure 4D ), but neither CBs nor
non-CBs were identified significantly differently from chance for English-learning infants (CB:
51% for English listeners, 46% for Chinese listeners, left-hand blue bar; non-CB: 53% for
English listeners, 50% for Chinese listeners, right-hand blue bar). To explain the significant
interaction (p < .0001) of infant ambient language by canonical syllable status seen in Figure 4D,
we invoke the native-language bias effect. In this data breakdown, there were more CB
utterances from Chinese-learning infants than English-learning infants (CH n = 163; EN n = 123)
which, considering the native-language bias effect in listeners, may explain why Chineselearning infants showed a higher proportion of “correct” answers than English-learning infants
on CBs (left-hand red bar).
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Figure 5. Ambient-language detection broken down by listener language for utterances with
different properties: Left bars, for all infant utterances, center bars for infant utterances judged to
be words and to contain canonical syllables (canonical words), and right bars for adult utterances
composed of phonotactically well-formed pseudo words of Mandarin and English. *p < .05.
The results in Figure 4A-D suggest that infant utterances identified as including lexical
items (words) and infant utterances including canonical syllables (CBs) can sometimes provide
reliable cues about language background. Still the patterns of outcome were complex when
broken down by listener- and infant-language background. The patterns may have been
influenced by the native-language bias effect and by the fact that the distribution of both words
and CBs was not even across the two language groups, presumably a result of sampling error.
Figure 5 shows three types of results: (1) overall correctness of each listener language
group on the entire set of utterances (left pair of bars) based on the main mixed model analysis
(Table 2, Column 1); (2) overall correctness on the subset of utterances that were both CBs and
words (i.e., canonical words, Table 2, Column 4, represented in the middle pair of bars in
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Figure 5, n = 88, where EN n = 36, CH n = 52); and (3) on pseudo words/sentences pronounced
by adult native speakers (right pair of bars, n = 20 for both languages). For these three types of
results: (1) Neither group of listeners showed significantly above chance performance on the
entire set of utterances (left pair of bars); (2) both groups of listeners showed significantly above
chance performance on the canonical words (middle pair of bars) (EN: β = − 0.18, SE = 0.08,
p < .03; CH: β = − 0.20, SE = 0.07, p < .009), although even here the overall proportion correct
was only ~ .60; and (3) the total number of stimuli for adult pseudo words/sentences was too
small to run a mixed-model analysis, so we used a binomial test for each listener’s results with
means across the listeners represented by the right-hand pair of bars. In stark contrast to results
where listeners judged infant utterances (left-hand and middle pairs of bars), listeners in both
groups judged language background on the pseudo words/sentences pronounced by adults
overwhelmingly correctly, with ~ .95 of utterances assigned to the right language. Every listener
showed significantly better than chance performance (p < .0001).
Follow-up explorations. To help clarify possible sources of the significantly better-thanchance performance by listeners on canonical words, we performed a number of explorations in
the data, listening to utterances, observing the word “characterizations” by the listeners and the
CB characterizations by the authors, and we attempted to find explanations for why some
utterances showed higher or lower correct identification than others. These explorations yielded
nothing to which we can confidently attribute the correct or incorrect ambient-language
judgments.
One of these efforts provided hints worth mentioning. After listening to the canonical
words, we hypothesized that perhaps subtle effects of tone in Chinese and of the trochaic stress
tendency in English were reflected in the canonical words. If so, we reasoned, the occurrence in
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infant language input of high-level and rising tones in final syllables of Chinese words might
have produced particularly high pitch on the final syllables of infant utterances deemed words by
the listeners, while lower pitch on the final syllable may have corresponded to the trochaic
pattern of stress in English words. Similarly, we reasoned that infant language input with rising
tone in final syllables of Chinese words might have produced a greater tendency in final syllables
identified as words from the Chinese-learning infants to have more rising fundamental frequency
(F0).
To evaluate this possibility, we performed an acoustic analysis on the 88 canonical
words, extracting F0 for the final canonical syllable in each one. Indeed, the utterances from
Chinese-learning infants tended to have higher mean final-syllable F0 than utterances from
English-learning infants (371 vs. 347 Hz). This effect was marginally significant by independent
samples t–test (p = .06). We also compared the degree of F0 fall (start F0 minus end F0) across
the final syllables of the utterances. The t -test here showed no notable tendency for the words
from Chinese-learning infants to have more rising F0 (p = .48). The tendencies for the F0 to be
higher on final syllables of utterances from the Chinese-learning infants may indeed suggest that
in canonical words, F0 may have played a role, although a weak one in correct identification. We
say a “weak role” because the listeners did tend to judge high final F0 (by median split) as
Chinese (59% of cases), but they did not tend to judge low final F0 as English (46% of cases) in
the infant utterances.
Thus, our acoustic analysis, similar to the outcome with our other explorations, did not
yield a clear explanation for how the listeners may have correctly identified ambient language for
canonical words. We should reemphasize that the sample of canonical words was small (n = 88),
and only 4 of the 16 infants contributed more than 70% of these 88 utterances. Furthermore, as
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indicated earlier, a small number of utterance shapes (in particular “mama”) accounted for a
disproportionate number of the canonical words, and a disproportionate number of these came
from a single infant at 10 months. The results on these words, then, may be skewed by
idiosyncrasies of particular utterance shapes from a few of the infants.
Discussion
General Findings
The data depicted in Figure 5 provide a summarial perspective on the results. The
listeners in this study did not strongly identify ambient language for the overall dataset (n =
1,917) of infant utterances extracted from recordings of 8 English-learning infants vs. utterances
extracted from recordings of 8 Chinese-learning infants. The lack of overall ambient-language
detection applied both to 6 listeners of English-language background and to 7 listeners of
primarily Chinese-language background, who also spoke English. At the same time, the subset of
infant utterances that were judged as including a word in either language and as including at least
one canonical syllable (canonical words) were identified at reliably better than chance levels by
both listener groups, although correctness of identification was only about 60%. The inclusion of
judgments by the same listeners on pseudo words/sentences produced by unfamiliar nativespeaking adults of the two languages helps put the phrase “only about 60%” in perspective. The
pseudo words were constructed to mimic the phonetics/phonotactics of the two languages, and
they were produced by native adults with natural-sounding prosodic features, while including not
a single real word from either language. Here the listeners performed at levels approaching the
ceiling for the task (> 95% correct), even though the natural-sounding utterances were
completely meaningless. We know of no prior study illustrating this perspective on effect size
for ambient-language detection: the phonetics/phonotactics of English and Mandarin provide
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very clear evidence of the language source of utterances to adult listeners—and this clarity was
just as great for the English-background listeners (who did not know Chinese) as for the
Chinese-background listeners (who spoke both languages). Thus, even for infant utterances
judged as canonical words, ambient-language identification was far below the level of language
identification based on the phonetics/phonotactics of adult speakers. Post hoc explorations of
language detection in the infant utterances did not yield clear indications about how listeners
may have discerned ambient-language effects in canonical words.
We think the very limited nature of ambient-language detection here deserves attention,
because the present study implemented a variety of precautions (large number of utterances,
matching of background noise, elimination of utterances with overlaid voices, etc.) designed to
prevent possible biases in the results, precautions that appear not to have been taken in widely
cited studies reporting ambient-language effects (e.g., de Boysson-Bardies et al., 1989; de
Boysson-Bardies et al., 1984).
But the story is complex for the present results when we examine them in detail, and they
leave open a more nuanced interpretation of the relation between results of the present report and
prior reports of significant overall ambient-language effects. For example, there was a significant
infant age effect for our overall data set, suggesting some improvement in listeners’ scores for
older infants, and in fact, utterances from the Chinese-learning infants were identified at reliably
better than chance levels (55– 56% correct) according the mixed-model analysis at 12 months
(Figure 1B). To complicate the issue, however, listeners’ judgments tended to favor their own
primary language—although they were told before making any forced-choice judgments that half
the utterances would be from English-learning infants and half from Chinese-learning infants,
both listener groups judged the majority of utterances to be of their own language background.
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This pattern of native-language bias appears to have yielded, for example, a statistically
significant tendency of English-background listeners to reliably judge 8-month old Chineseinfant utterances falsely (Figure 2).
Variability of performance by the individual listeners (Figure 3A) and especially on the
individual infants (Figure 3B) based on the overall data set highlight concerns about small
numbers of infants and/or listeners in such research. Only two listeners showed overall reliable
difference from chance, while judgments on seven infants differed reliably from chance. Yet
these differences provide no obvious support for the occurrence of ambient-language effects
because more than half these cases corresponded to paradoxical outcomes where the
identifications were statistically reliably incorrect. The results suggest listeners may sometimes
detect systematic differences between infant groups that correspond to a specific language in
some way, but not always in the way predicted by the expectation of babbling drift. Why
judgments sometimes show this paradoxical pattern is a mystery to us. The result supports the
methodological conclusion that a very small number of infants in studies of ambient-language
effects may well produce a misleading outcome. Regarding listeners, the same conclusion
applies; we found one listener to show significantly correct language identification,
and one to show significantly paradoxical below chance identification.
The most interesting positive finding concerns infant utterances identified as words
and/or identified as including canonical syllables (CB) (Figure 4). While the results in this realm
were also complex, the overall patterns suggest statistically reliable success of listeners in
identifying ambient language for words and for utterances with canonical syllables, but not for
non-words or utterances without canonical syllables. The pattern is reminiscent of the outcome
of Engstrand et al. (2003), who found ambient-language detection (with 12 and 18 month-olds)
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only in cases where utterances were judged either to be words or likely words. The result
suggests that the study of ambient-language effects in “babbling” may offer the unexpected
opportunity to evaluate subtle effects of the emergent lexicon in vocalization of infants.
The outcomes regarding words also hint at the possibility that prior reports of ambientlanguage effects in presumed babbling may have been influenced by judgments, transcriptions
and/or acoustic measurements of infant utterances thought by laboratory staff to be babbling
when in fact they were either lexical items or utterances that had been influenced by languagespecific lexical patterns. We expound upon this speculation in the following section.
The Fuzziness of the Distinction Between Babbling and Words
Let us illustrate the problem of differentiating words from babbling using the ambient
languages considered in this article. Suppose an English-learning infant produces a two-syllable
sequence interpreted transcriptionally as [bobi]. Suppose further that neither the parents nor
laboratory personnel highly familiar with the infant could assign that form to any word present in
the ambient language, and that the word has not been identified with any particular context. This
utterance should, as we understand Vihman et al.’s (1985) and Vihman and McCune’s (1994)
criteria, be deemed to be a babble, not a word. And yet there is a basis upon which the shape of
this utterance might have been influenced by other very common word-shapes specific to the
English lexicon (and especially common in child-directed speech), words such as doggy, birdie,
baby, or kitty, all of which share with [bobi] the template CV1Ci, where V1 ≠ i, and which are
associated with an English-specific diminutive implication (Chinese does not have a diminutive
word-final [i]).
Now consider a similar possible circumstance with Chinese as the ambient language.
Suppose the child produces a two-syllable utterance interpreted phonetically as [atu], and again
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let us assume there is no basis for claiming the item to be a word, based on the Vihman criteria.
A syllable with the form /ɑ1/ (1 = high-level tone) functions as a prefix in Chinese in many twosyllable items. For names of people such as /hwɑ2/ or /mej3/ (2 = rising tone, 3 = dipping tone),
one can prefix the /ɑ1/ syllable to produce /ɑ1hwɑ2/ or /ɑ1mej3/ to address the person in the
familiar (with an implication of familiarity or intimacy such as that associated with “tu” in
Spanish). These forms are added to many names when speaking to children. Also, the /ɑ1/ prefix
is associated with common words such as /ɑ1i2/ (“aunt”), as well as /ɑ1ko3/ and /ɑ1mɑw1/
(which loosely translated mean something like “John Doe”, more literally translated as “some
dog” or “some cat”). The /ɑ1/ prefix is also used commonly as an onset for many animate nouns
when speaking to a child (e.g., /ɑ1tʂhɑŋ 2/ for “giraffe” or /ɑ1to1/ to designate a particular wellknown cartoon character “Doraemon”).
Although we assume for our example that [atu] and [bobi] would not be treated as words
by parents, the disyllabic word shapes provide a rational basis for listeners to guess the language
background with which they are associated. Even though the phonetics/phonotactics of both
languages allow all the syllable types involved in both example words, the [a] prefix is
presumably much more frequent in Chinese, and the [i] ending much more common in English.
So listeners might judge, with better than chance accuracy, [atu] as based on Chinese and [bobi]
as based on English, even though neither lexical form actually occurs (at least not frequently) in
either language. Thus, the difference in frequency with which infants from the two languages
might produce the two forms could be indirectly lexical in origin, because there are real words in
each language that might predispose the child, under the influence of the ambient language, to
selectively produce syllable sequences such as those in the examples. If so, the apparent ambient-
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language identification would not be purely segmental/phonetic, but would instead be at least
partially lexical.
The examples can also be considered in light of language-specific prosody. Englishlearning infants’ preference for trochaic patterns (e.g., strong/stressed syllables precede
weak/unstressed syllables) in English words (e.g., “baby” or “happy”) has been well proven in
both speech perception and production research (Johnson & Seidl, 2009; Jusczyk, Cutler, &
Redanz, 1993; Vihman, DePaolis, & Davis, 1998). If [bobi] is pronounced with a trochaic stress
pattern and [atu] is pronounced with two high-level tones, the likelihood of judging the former as
English and the latter as Chinese may increase, because the two prosodic patterns occur at
relatively high frequency in English and Chinese respectively. On the other hand, laboratory staff
following the Vihman criteria might not treat these utterances as words because infants might not
use them sufficiently consistently in specific contexts to meet the criteria. The words could be
pure babbling, but how would we know for sure? These examples are intended to illustrate that it
is hard to draw a clear distinction between babble and words because infants may be
targeting words (or be influenced by the patterns of previously targeted words) even in apparent
babbling. Engstrand et al. (2003) and Navarro et al. (1998, 2005) argue for more direct attempts,
in research on ambient-language effects, to assess the role of the lexicon in apparently babbled
utterances. These studies made such attempts by asking judges to indicate whether infant
utterances were words or might be words (Engstrand et al., 2003) or by obtaining parent opinion
about words occurring in their infants’ recordings as well as laboratory listener opinion about
words during their forced-choice task (Navarro et al., 1998, 2005).
These considerations illustrate that there will always be a hard problem of methodology
in studies of ambient-language effects as long as we attempt to draw a hard distinction between
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babbling and words. Our inclination is to give up the attempt at drawing a hard distinction in
favor of addressing lexicality directly and accepting the fuzziness of the distinction in vocal
development and early word learning. Results from the present study, plus those of Engstrand et
al. and Navarro et al., along with Vihman’s work on establishing criteria for identifying words as
they emerge, provide foundations for the next phase of such effort, hopefully opening the door to
a more informative way of studying ambient-language effects as a general adaptation of infant
vocalizations to the auditory-communicative environment. Further, our findings are consistent
with Vihman and colleagues’ (Vihman & de Boysson-Bardies, 1994) schematic model of
perceptual-motor interaction in the first year, a model that emphasizes a role for “salient adult
words” associated with the “articulatory filter”. Our data imply that detectable ambient-language
effects are commonly, if not necessarily, the product of influence from “salient adult
words” rather than from an abstraction of the phonetics of the ambient language that is
independent of the lexicon (and especially that is independent of the “salient adult words”).
Salient Limitations of the Present Work
Even though our study assessed listener judgments of nearly 2000 utterances, the sample
size still leaves room for concerns. Infant vocalization patterns change markedly from session to
session of recording even within the same day (see e.g., Oller et al., 2007). Consequently, the
number of utterances studied for each infant at each age (n = 40), especially given that the
utterances were produced in sequence, may not have been large enough to be representative of
the repertoires of each child at each age. This concern is particularly notable with regard to the
numbers of utterances identified as including canonical syllables and those identified as words. A
very few of the infants accounted for the great majority of utterances deemed to be canonical
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words (one English-learning infant EA: n = 24; two Chinese-learning infants: JL n = 11, SH n =
14, ZL n = 13, accounting for 62 of the 88 such utterances).
The most salient (though not the only) example of possible disproportionate influence in
the study based on a single outlier sample concerns 17 [mama] utterances that occurred in a
single recording from one 10-month-old English-learning infant (EA). As argued above, these
utterances may have had disproportionate effects on the data, with English listeners guessing
right, and Chinese listeners guessing wrong, because [mama] sounds like a word in both
languages. This pattern of judgment (given the relatively small set of utterances deemed to be
words and or deemed to have canonical syllables) may have skewed the data: (1) in Figure 4A ,
where English listeners appeared to outperform Chinese listeners on words (English listeners
getting many right on [mama], Chinese listeners getting many wrong on [mama]); (2) in Figure
4B , where judgments on utterances of English-learning infants were less accurate than on
utterances of Chinese-learning infants (the judgments on English-learning infants perhaps being
deflected downward toward chance because of the counterbalancing effect of many [mama]
utterances being judged correctly by English listeners but incorrectly by Chinese listeners), and
(3) in Figure 4D , where since [mama] consists of canonical syllables, the same patterns on
utterances of English-learning infants (less accurate) and Chinese-learning infants (more
accurate), may have occurred at least in part due to disproportionate influence of the
disproportionate number of [mama] utterances from a single English-learning infant. It clearly
would be preferable to increase and/or diversify sampling in order to limit the effects of such
(presumable) distributional anomalies, and thus to provide more representative perspective on
the ambient-language effects. Listener knowledge of the two languages may have played a role
in this task as well. Chinese listeners (knowing both languages) performed a little better than
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English listeners at all ages, and although the difference was not statistically reliable, we hope to
consider the issue more thoroughly in future studies where we can systematically employ
listeners with variable language backgrounds (e.g., balanced bilinguals, English-dominant
bilinguals, Chinese-dominant bilinguals, and monolinguals of both languages).
Another limitation in the present study is that the individual (Lee) who selected the
utterances from the two groups for presentation to observers was aware of the purpose of the
study and of course had to listen to the tapes with their background voices in order to extract
utterances. For future ambient-language studies we suggest an automated procedure to label and
extract utterances. With the development of automated recognition of utterances in large-scale
all-day recordings (Warren et al., 2010; Xu, Richards, & Gilkerson, 2014), we may not be far
away from being able to rely on a totally objective method of utterance selection for ambientlanguage studies.
We did not have information available from the parents on whether each utterance was a
word or not, the method of study recommended by (Vihman et al., 1985). In an optimal
procedure, primary caregivers would review selected utterances with the researchers after each
recording session.
The two sets of recordings were made in homes in Taiwan and in a laboratory in
Memphis. There is reason to be concerned about differences in recording outcomes across these
differing environments especially for overall volubility (see e.g., Lewedag, Oller, & Lynch,
1994). In addition we cannot rule out the possibility that interaction patterns may be different at
home and in a laboratory (Jaffe et al., 2001). Furthermore, recording protocols would optimally
be matched as closely as possible, for example, by instructing parents of both languages to
interact in similar ways. In the present study, the protocols were similar, but had been
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constructed independently. And, of course, it would have been preferable to have used the same
recording equipment in both locations, with microphones at the same distances from infant
mouths, and controlled calibration and gain settings. After-the-fact noise matching is not
impossible, but it is tedious.
Conclusion
In summary, with a methodology designed to limit possible bias effects, we did not find
significant differences from chance performance for language identification in our overall dataset
of 1,917 utterances from English- and Chinese-learning infants at 8, 10, and 12 months. The
results support the conclusion that infant babbling is based primarily on vocalization patterns
common to both of these very different ambient languages. However, reliable though small
ambient-language identification effects were discernible for the small subset of utterances
identified as words and/or as containing canonical syllables. The complexity of the results (with
unexpected interactions of listener language by word status, infant ambient language by word
status, and infant ambient language by canonical syllable status), and the fact that the results
suggest the emergent lexicon may play a key role in ambient-language effects, inspires us to
pursue further research at larger sample size, where the role of the lexicon is more directly
addressed, and where automated procedures for utterance selection may be able to preclude any
possibility of utterance-selection bias. We plan in the future to use such improved methods,
especially by engaging parents in judgments about the likelihood that their infants’ utterances
may be influenced by words of the ambient language. With this approach we hope to evaluate
the role of the lexicon in early ambient-language effects more precisely.
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Chapter 3: Effects of Language Differences and Social Circumstances
on Canonical Babbling Ratios in English- and Chinese-learning Infants at Two Ages
Introduction
Canonical Babbling: A Measure Predicting Development and Disorders
Infants produce a wide variety of speech-like vocalizations that can occur at varying ages
in development (Koopmans-van Beinum & van der Stelt, 1986; Oller, 1980, 2000; Roug,
Landberg, & Lundberg, 1989; Stark, 1980), including quasi-vowels, full vowels, squeals, growls,
yells, whispers, raspberries, and canonical babble (CB, composed of well-formed syllables such
as “mama” or “da”). These sounds have been collectively called “protophones” (Oller, 2000),
because they are precursors to speech, clearly differentiable from cry, laughter, and vegetative
(e.g., sneeze or cough) sounds.
CB is a critical feature in forming foundations for speech. Determining age of CB onset
has become standard practice scientifically and clinically because its appearance is assumed to
reflect a major advance in early development of the speech capacity. The emergence of CB is
salient to listeners, and parents have been found to be reliable informants in detecting its onset
(Lewedag, 1995; Oller, Eilers, & Basinger, 2001; Oller, Eilers, Neal, & Cobo-Lewis, 1998).
Profoundly hearing-impaired infants have been found to show very late onset of CB (Koopmansvan Beinum et al., 1998; Oller et al., 1985). Infants with autism (Patten et al., 2014), Down
Syndrome (Lynch et al., 1995), Williams Syndrome (Masataka, 2001), and Fragile X syndrome
(Belardi et al., 2017) have been found to be delayed in CB onset.
Although infants with disorders have shown late onset of CB, the onset seems to be
robust with regard to a variety of potential risk factors. For example, CB has not been found to
be delayed by prematurity in the absence of significant perinatal problems or birth weight
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<1500 g (Oller, Eilers, Steffens, Lynch, & Urbano, 1994). Törölä, Lehtihalmes, Heikkinen,
Olsén, and Yliherva (2012) also found that preterm infants with extremely low birth weight
(<1000 g) showed similar CB onset to full-term infants. However, after the onset of CB, they
showed limited CB types and delayed first words. In addition, infants of low socio-economic
status (SES) (Oller et al., 1994; Oller, Eilers, Urbano, & Cobo-Lewis, 1997) and very-low SES
(Oller, Eilers, Basinger, Steffens, & Urbano, 1995) have not been found to be delayed in CB
onset. Finally, both Spanish-learning monolinguals and English-Spanish bilinguals (Oller &
Eilers, 1982; Oller et al., 1997) have been reported to show similar ages of CB onset to Englishlearning monolinguals.
Canonical Babbling Ratio: A Widely-used Measure of Infant Vocal Development
Evaluating whether an infant is in the CB stage can be determined through parent report
or through brief laboratory evaluation in most cases, and consequently CB can be used as a
convenient scientific or clinical measure (Lanza & Flahive, 2008; Paul, 2007; Oller et al., 2001).
Other speech-like vocalizations of infancy (e.g., vowel-like sounds, isolated fricatives or
affricates, raspberries) may be similarly important in development, but are not so commonly
used in either research or clinical evaluation. A fine-grained measure, canonical babbling ratio
(CBR=canonical syllables/total syllables in a recording session), takes account of the relative
amount of CB and other speech-like syllables in samples of infant vocalization. Even though
many studies have reported age of onset of CB (as cited above), the cost of such longitudinal
research is high. CBR, in contrast, is a quantitative measure that can be obtained with a single
recording followed by human coding. CBR can of course be used in longitudinal research as
well, examining infants’ vocal variability or developmental changes in the amount of CB and
non-CB across recording sessions and ages.
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Most recent research has designated an infant as having entered the CB stage (usually at
around 6-10 months of age) if the CBR is equal to or greater than 0.15 (Lynch et al., 1995) based
on review of laboratory recordings. CBR is often taken into account in studies of various infant
populations, such as infants with hearing impairment (Bass-Ringdahl, 2010), Down Syndrome
(Lynch et al., 1995), autism (Patten et al., 2014), Fragile X syndrome (Belardi et al., 2017).
Some other studies examined Dutch-learning infants (Molemans, van den Berg, Van Severen, &
Gillis, 2012), cleft palate (Jones, Chapman, & Hardin-Jones, 2003), infants adopted from China
(Price, Pollock, & Oller, 2006), and Mandarin-learning infants (Chen & Kent, 2010).
Researchers have also examined the relationship between CBR and later speech and
language development. For example, Rvachew, Slawinski, Williams, and Green (1999) found
that CBR in infants with otitis media at 18 months was positively correlated with their expressive
vocabulary size at 18 months. Chapman, Hardin-Jones, and Halter (2003) evaluated infants with
cleft palate. Given their anatomical limitations, it can be assumed that before corrective surgery,
infants with cleft palate have particular difficulty in developing an array of consonant-like onsets
for canonical syllables. The researchers reported that typically-developing infants at 13 months
showed a positive correlation between true canonical babbling ratio (TCBR=all canonical
syllables except for those with glide or pharyngeal consonants/total syllables in a recording
session) and speech and language development at 21 months. However, TCBR in infants with
cleft palate before and after surgery did not significantly correlate with later speech and language
measures other than mean length of utterance (MLU). This outcome was counterbalanced by the
fact that infants’ diversity of consonant-like onsets did indeed correlate positively with the
speech and language measures. Chapman (2004) further found that TCBR in infants with cleft
palate 9 months before the palatal surgery showed a negative correlation with MLU at 39
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months. In contrast, a positive correlation between post-surgery TCBR at 13 months and MLU at
39 months was observed. The results suggest that velopharyngeal inadequacy before corrective
surgery may thwart the typical positive prediction of speech outcomes by early CBR.
While there have been several studies of CBR in infants with disorders, as indicated
above, research on CBR in infants learning non-European languages is severely limited. CBR
has been used in Chen and Kent (2010) and Price et al. (2006) to observe Mandarin-learning
infants in Taiwan and infants adopted from China, respectively. Still, as far as we know, there
has been practically no research thus far comparing CBR across any two languages—Oller, et
al., 1997 evaluated CBR in monolingual English-learning infants and bilingual Spanish- and
English-learning infants. But CBR in infants exposed to phonological systems as different as
Chinese and English has never been evaluated to our knowledge.
Effects of Language and Culture on Infant CBR
Research has shown that acquiring knowledge of phonotactic rules of languages may help
children segment the stream of speech (Friederici & Wessels, 1993; Nazzi et al., 2006).
Compared to English, the syllable structures of Chinese are simple. The syllable structures in
English can be as simple as V or CV (a consonant [C] and a vowel [V]) or as complex as
CCCVCCC as in ‘strengths’, with all the other possibilities in between (CCV, VCC, CVC etc.).
In contrast, Mandarin syllables only consist of V, CV, CVC, and VC syllables (Li & Liu, 1988),
and the final C’s are limited to only the nasal sounds, [n] and [ŋ]. The syllable structures of other
Chinese languages such as Southern Min or Cantonese are a bit more complex than that of
Mandarin, but all the Chinese languages are still far less syllabically complicated than English.
Therefore, the tremendous differences between Chinese and English phonology provide us an
opportunity to investigate whether the relative complexity of syllable structure in the two
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languages plays a role in early vocal development in English- and Chinese-learning infants. It is
reasonable to consider/hypothesize the possibility that the simpler syllabic structure in Chinese
might facilitate and accelerate CB development or result in higher CBR during development.
In addition to the effect of language on infant CBR, infants exposed to different cultures
might be influenced to vocalize differently and to progress at different rates with regard to CBR.
Maternal responsiveness has been found to facilitate language development (Tamis-LeMonda,
Bornstein, & Baumwell, 2001), but maternal responsiveness appears to be different across
cultures (Keller et al., 2007). When talking to infants, both English and Chinese mothers use
infant-directed speech (IDS), which in both cultures presumably shares similar functions, such as
eliciting attention or teaching language (Farran, Lee, Yoo, & Oller, 2016; Liu, Tsao, & Kuhl,
2007). However, these functions may occur in different amounts and thus may have different
impacts on babies. As far as we know, comparative research on CBR has to date only included
Spanish- and English-learning infants.
Effects of Circumstance on Infant CBR
Researchers have investigated effects of social circumstance (with parent vocal
interaction, while overhearing adult-to-adult talk, while alone) on infant volubility (Bloom,
Russell, & Wassenberg, 1987; Delack, 1976; Franklin et al., 2014; Iyer & Oller, 2016; McGillion
et al., 2013; Roe & Drivas, 1997; Shimada, 2012). For example, Iyer and Oller (2016) reported
that infants produced fewer vocalizations when adults were talking to each other than when
adults were talking to the infants. Also, infants produced more vocalizations when adults were in
the room but not talking to the infants than adults were talking to the infants. However, CBR as a
function of circumstance has been only indirectly addressed. Gros-Louis, West, Goldstein, and
King (2006) indicated that mothers responded to infants with more consonant–vowel syllables
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when infants produced consonant–vowel syllables than when they produced vowel-like sounds.
Mother’s contingent vocal feedback to infant babbling elicited more infant vocalizations that
resembled mother’s speech (Goldstein & Schwade, 2008). Hsu and Fogel (2001) also reported
that infant syllabic vocalizations (which were vaguely defined) occurred most often when mother
and infant were mutually engaged than when they were not engaged.
We do not presently know, once infants enter the CB stage, whether they produce similar
numbers of CB in different circumstances in naturalistic interactions. It is possible that infants
produce more speech-like vocalizations when other people are interacting with them (Goldstein
& Schwade, 2008), but it is also possible that infants produce higher amounts of CB when they
are alone, a circumstance that to our knowledge has never been evaluated for CBR. The extent to
which infants produce speech-like vocalizations when alone would suggest the extent of the
endogenous inclination to play with sounds that lay a foundation for learning language. The fact
that some researchers have found (controversially) highest volubility when infants are alone (see
citations above), suggests the possibility that CBR may also be elevated in infants who are alone.
Study Goals
Therefore, the present study observed CBR across circumstances in typically-developing
English- and Chinese-learning infants with the following goals:
(1) To compare CBR between English- and Chinese-learning infants at 6 and 11 months.
(2) To evaluate the effects of social and non-social circumstances (during vocal interaction,
during infant overhearing of adult conversation, or when infants were alone) on Englishand Chinese-learning infant CBR in all-day home recordings.
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Hypotheses
(1) Chinese-learning infants will have higher CBR than English-learning infants at both 6
and 11 months because of the relative simplicity of syllable structure in Chinese.
(2) Infants at both 6 and 11 months will have higher CBR when interacting with caregivers
(infant-directed speech, IDS) than when overhearing adult-to-adult talk (adult-directed
speech, ADS).
(3) Infants at both 6 and 11 months will have higher CBR when overhearing adult-to-adult
talk (ADS) than when they are alone (Alone).
No prior research has considered the development of canonical babbling in terms of
possible interactions among age, language, and circumstances. While our approach will make it
possible to evaluate the main effects of the three variables, it will also make it possible to
consider complex interactions among them. In the absence of any prior evidence, it seems
plausible that such interactions might occur since different cultures may seek to influence infant
vocal development in different ways at different ages.
Methods
Recordings
LENA (Language ENvironment Analysis) all-day home recordings were drawn from
archives of longitudinal studies on infants from 13 English and 1 Chinese (Mandarin and
Cantonese) middle-class households in Memphis and 7 from Chinese (Mandarin and Southern
Min) middle-class households in Tainan, Taiwan1. Regarding mother’s educational level, 4 of
the 13 English-speaking mothers had some college-level instruction, 6 had a bachelor’s degree, 2

1

Only one infant’s data were used in both study 1 and study 2 of the dissertation. We used this participant’s nonLENA home recordings for study 1, while we used all-day LENA home recordings for study 2. For the recordings
used in study 1 a research assistant was present.
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had a master’s degree, and 1 had a Ph.D. degree. Seven of the eight Chinese-speaking mothers
had a bachelor’s degree and one had a master’s degree.
The LENA recorder is 3-3/8 x 2-3/16 x 1/2 inches, weighs less than 2 ounces, and can be
worn in an infant vest all day long. Using this system, recordings were acquired in maximally
naturalistic interactions between the infants, family members, and other people. LENA offers
best method available for the representative sampling of infant vocalizations and in their natural
environments.
Recordings from 6 and 11 months were selected (21 infants x 2 ages = 42 recordings).
Ten 5-minute segments with the highest child vocalization rate (HV) determined by LENA
automated analysis (Xu et al., 2014) and twenty 5-minute randomly-selected (RS) segments (a
total of 30 segments/150 minutes) were selected from each all-day home recording for the study.
Thus, a total of 1260 (21 infants x 2 ages x 30 segments) five-minute segments were human
coded.
All the infants were recruited by advertising or word-of-mouth. None of the infants had
significant perinatal or hearing problems. Eight of the thirteen English-learning infants and three
of the eight Chinese-learning infants were males. Among the 13 English-learning infants, six
were first-born, six were second-born, and one was third-born. As for the 8 Chinese-learning
infants, only one infant was second-born, while the other seven infants were first-born. All the
Chinese families in our study spoke Mandarin because Mandarin is the official language used in
schools in Taiwan and China, but the ones living in Taiwan also spoke Southern Min, although
much less frequently than Mandarin. A single Mandarin and Cantonese learning infant was born
and lived in Memphis, but the parents took care of the infant at home during his first year of life
and spoke Mandarin to the infant and to each other at home. Grandparents, who were also
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sometimes present, spoke Cantonese. The statistical analysis showed similar patterns with and
without the Mandarin-Cantonese learning infant’s data.
Mandarin, Southern Min, and Cantonese are tone languages and share many linguistic
characteristics, but they are not mutually understandable, and the phonological systems of
Southern Min and Cantonese are somewhat more complex than that of Mandarin. For example,
Mandarin allows only /n/ and /ŋ/ in syllable-final position, while /n/, /ŋ/, /m/, /p/, /t/, and /k/ are
allowed at the end of syllables in Southern Min and Cantonese. Mandarin has four lexical tones:
high-level, rising, falling-rising, and falling (Yip, 2002), while Southern Min has seven (Chung,
1996) and Cantonese has six tones (Ciocca & Lui, 2003). Southern Min is widely spoken in
Taiwan and the Fujian province in China, while Cantonese is widely spoken in the Guangxi and
Guangdong provinces, and in Hong Kong.
Coders
Eight primary coders and three reliability coders participated in the coding tasks (10
females and 1 male). Seven of the eight primary coders and one of the reliability coders were
monolingual English speakers, while the remaining coders (one primary coder and two reliability
coders) spoke English and Mandarin. The primary Mandarin-English coder grew up in the U.S.
and spoke Mandarin only at home. The two Chinese reliability coders grew up in Taiwan and
were native speakers of Mandarin as well as speakers of English as a second language. All the
coders were graduate students in the School of Communication Sciences and Disorders at the
University of Memphis except for one of the Chinese reliability coders, who was a graduate
student in the Foreign Languages and Literature Department at the National Cheng Kung
University in Taiwan. None of the coders had a history of hearing loss. An ideal situation for
coding would have included equal numbers of primary English- and primary Mandarin-speaking
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observers, with an additional group of balanced bilinguals. We did not have access to individuals
meeting these criteria, but hope to develop a more balanced coding team for future research.
Coder Training
The LENA system does not determine the rate of CB, and thus human coding was
necessary for the study. The emergence of CB is so salient that without training, parents have
been found to be reliable informants in detecting its onset (Lewedag, 1995; Oller et al., 2001;
Oller et al., 1998). Thus, judging CB vs infant utterances without canonical syllables (non-CB)
does not require much training. Our laboratory coders quickly grasped the intuitive idea of CB.
Three one-hour training sessions were provided to the coders. In the first training session, the
trainers (Lee and Oller) provided definitions and audio examples of utterances, syllables (i.e., CB
and non-CB), cries, laughs, and vegetative sounds (e.g., sneezes, hiccups, burps, coughs, grunts
due to body movements, or yawns). An utterance in our usage refers to a vocalization occurring
within one breathing cycle/breath group, in accord with procedures defined in prior research
(Lynch et al., 1995). Thus, an utterance may consist of a syllable, several syllables, a cry, a
laugh, or a vegetative sound produced within one expiration. A syllable is the minimal rhythmic
unit of an utterance. The coders were taught to count the number of syllables by listening to
“beats” in the rhythm of vocalization, and during coding, they could supplement their judgments
by observing changes in amplitudes of the waveform in the acoustic display, TF32 (Milenkovic,
2004).
A CB is “a rhythmic stereotypy involving jaw and/or tongue movement coordinated with
vocal cord vibration” (Oller, 2000, p. 114). A CB consists of a consonant-like margin and vowellike nucleus, forming a syllable meeting the following criteria: (1) a fully-resonant nucleus, (2) at
least one supraglottally articulated (e.g., tongue, lip, or jaw) consonant-like element (i.e., a
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margin), and (3) a timely formant transition between the nucleus and the margin. Non-CB
includes:
a) Syllables lacking any margin (i.e., vowel-like sounds only);
b) Syllables with vowel-like nuclei but no supraglottal articulation, such as syllables
with glottal stops or fricatives only as margins
c) Marginal babbles (MB) [if the syllable meets criteria (1) and (2) but not (3), OR (2)
and (3) but not (1).] For example, a syllable is judged to be MB if the formant
transition between the nucleus and the margin is slow (nominally <120 ms), or if the
vowel-like sound is not fully resonant (i.e., the nucleus is produced with the vocal
tract at rest, yielding a “quasi-vowel” or “quasi-resonant nucleus’).
d) Syllables consisting throughout of supraglottally-generated sound sources such as in
raspberries, isolated fricatives or affricates.
e) Cries, not coded, are distress vocalizations that are defined as having either 1) strong
and long duration nuclei with dysphonation or very loud and tense vocal quality (we
call this “wail” cry, or 2) short nuclei with a glottal burst at the onset or offset (a vocal
type we call “whimper”). Cries also sometimes include a rapid ingress or “catch
breath” at the end. Wails also sometimes include glottal bursts at the onset or offset. A
glottal burst without a voiced nucleus sounds like a cough. The key is that a cry
indicates infant distress or discomfort categorically. When the infant’s stress level
appears to be “out of control” in negative vocalization, coders typically agree easily
that the utterances produced are cries. In such cases, the sounds are judged to be cries
even though bursts may not be present (Yoo, Buder, Lee, & Oller, 2015).
f) Laughs, not coded, are treated as expressions of joy in infants and acoustically share
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characteristics with whimpers, although laughs tend to have nuclei that are distinctly
non-nasal. Sometimes short laughs or whimpers are indistinguishable when coders
cannot see the speakers’ facial expression;
g) Vegetative sounds (sneeze, cough…), which are not coded either.
During the initial phase of training, the coders were assigned to listen to five audio
samples with an acoustic display of waveform and spectrogram available. The samples were
extracted from laboratory recordings of infants learning English. Each sample was 10- to 15seconds long and composed of utterances with a total of 10–20 syllables. Cries, laughs, and
vegetative sounds were not included in the samples. The coders counted the number of syllables
(both CB and non-CB) while listening to each audio sample in real-time and wrote the count
down after hearing each sample. They then listened to the same samples a second time, but this
time, they listened in small chunks so that they could count the number of syllables more
carefully in repeat listening, after which they wrote down a second count for each sample. Then
they played the same sample a third time, counted the number of syllables in real-time while
listening to the sample, and wrote down the count again. Thus, there were three counts for each
sample of the total number of syllables. They then compared their syllable and CB syllable
counts with a gold standard coding performed for the stimuli by D. K. Oller, the last author on
this article. The coders then compared one by one their coded syllables with those of the gold
standard. The coders could play each audio sample as many times as they preferred, while they
viewed the gold standard coding, and could read a corresponding commentary by Oller and
Jhang (the second author on this article).
Later, still in training, the coders listened to a 20-minute audio and video laboratory
recording of an infant learning English. While listening to the recording, coders coded every
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infant syllable as either CB or non-CB in real time by a keystroke in the Action Analysis Coding
and Training (AACT) software (Delgado, Buder, & Oller, 2010). AACT is the system that was
to be used in data collection once training was completed. Coding in real time within AACT
allows coders to hear each utterance or syllable only once and make each judgment by a
keystroke without stopping. CB coding in real time has been found to be as reliable as the more
usual but more time-consuming method of repeat-listening coding (Jhang, Yoo, & Oller, 2014)
and the real-time coding method has been verified to yield group differences in CB (Patten et al.,
2014). While coding during this training, the coders could see the waveform, spectrogram, and
the videos of the speakers to help them differentiate the voices of the speakers. The coders were
told not to code infant cries, laughs, or vegetative sounds. After coding, the coders calculated the
number of CB and non-CB, and CBR, and compared their numbers with the values the trainers
provided. If the numbers did not fall within a criterion range (i.e., within the CBR values of the
two gold-standard trainers, Oller and Jhang), the coders were required to repeat the process.
In a subsequent training session, the trainers reviewed the real-time coding results with
the coders. Then the coders went on to the repeat-listening coding of the same 20-minute audio
and video recording. In this pass, they indicated by cursor settings, the onset and offset of each
infant syllable. In this case, the coders could listen to each infant utterance up to three times.
Again, if the total numbers of CB, non-CB, and CBR of this 20-minute recording did not fall
within the criterion range, the coders went back to review their codes and compare them with the
gold standard coding. In cases of persisting disagreement with the gold standard, the coders set
up an individual meeting with one of the trainers (Lee) to explain the discrepancies and improve
the agreement level.
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As a final training experience in preparation for data collection (which was based on
LENA recordings), the coders were assigned to code in real-time five 5-minute segments
extracted from LENA recording of infants learning English and Chinese. After reviewing the
coding results, the trainer (Lee) gave feedback to the coders based on individual discrepancies
from gold standard coding by the trainers. After the feedback, the coders coded another ten 5minute LENA segments of infants learning English and Chinese. At this point, the coders were
deemed to have completed the CB coding training because the segment-level correlations
between the CBR for the ten segments obtained by the primary coders and the three reliability
coders were all above 0.8.
Coding Procedure
Five primary coders were assigned two recordings (one at 6 and one at 11 months) from
each of three infants, while the other three primary coders were assigned two recordings from
two infants each (42 recordings in total). The 30 five-minute segments that were selected from
each all-day recording were presented for coding in chronological order to help coders recognize
contexts and thus more accurately identify speakers and circumstances. However, the order of
presentation of recordings was randomized for each coder. A total of 1,260 segments were thus
coded, blocked in groups of 30 according to the recording from which they were drawn.
The reliability coders, who were not among the 8 English coders, coded 10% of all the
recordings (distributed across all infants at both 6 and 11 months and both languages) in real
time independently. The segment-level correlation between the CB ratios for segments with at
least 6 coded syllables obtained by the primary coders and the three reliability coders was 0.90
and 0.89, and 0.84, respectively.
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All the coders filled out a questionnaire every time they listened to a 5-minute segment.
The questions were: 1) Does any other person talk to the baby? This can be the parent or another
adult or child. 2) Does any other person talk to someone else? For example, 2 adults might be
talking to each other or a person might be talking on the phone. 3) Do you think the baby is
asleep?
These questions provided information about the amount of time people talked to infants
(infant-directed speech, IDS) or among each other (adult-directed speech, ADS), and whether
infants were asleep (Sleep) within the 5 minutes. Coders used a 5-point scale indicating the
amount of time during each segment that pertained to each circumstance. 1 meant no such
activity, 2 some of the time, 3 half of the time, 4 most of the time, and 5 close to the whole time
in each 5-min segment. Even though seven of the primary coders did not know Chinese, they still
filled out the questionnaire after listening to each Chinese segment. The reliability coders also
filled out a questionnaire every time they listened to a segment, that is, for 10% of all the
segments coded for the research. The agreement as indicated by segment-level correlations
between the primary coders and the reliability coders for the three questions were 0.75, 0.82, and
0.75.
Data Analysis
The CBR (i.e., CB syllables/the number of all syllables) for each 5-minute segment was
calculated. We treated segments with very low vocal activity, i.e., < 6 coded syllables, as having
insufficient vocal activity (IVA), and they were not categorized for circumstance. The fiveminute segments selected from recordings of three of the infants (1 Chinese- and 2 Englishlearning infants) at 6 months did not have any coded CB. For segments with 6 or more syllables,
we assigned each segment to a circumstance: IDS, ADS, IDSADS (a mixture of IDS and ADS),
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and Alone. The rules to assign segments to circumstances were based on the 1 to 5 scaled
answers on the questionnaire:
1) If IDS >1 and ADS = 1 and Sleep < 5 (in other words if IDS was present some of the time,
and ADS was absent, and the infant was awake some of the time within the 5-minute
segment) or
2) If IDS > 1 and ADS > 1 and IDS-ADS > 2 and Sleep < 5 (in other words if both IDS and
ADS were present, and the answers to the IDS and ADS questions differed by more than +
2 points on the scale, and the infant was awake some of the time within the 5-minute
segment),
then assign the segment as IDS,
else
3) If ADS > 1 and IDS = 1 and Sleep < 5 (in other words if ADS was present some of the
time, IDS was absent, and the infant was awake some of the time within the 5-minute
segment) or
4) If IDS > 1 and ADS > 1 and ADS-IDS > 2, and Sleep < 5 (in other words if both IDS and
ADS were present some of the time, and the answers to the ADS and IDS questions
differed by more than + 2 points on the scale, and the infant was awake some of the time
within the 5-minute segment),
then assign the segment as ADS,
else
5) If IDS > 1 and ADS > 1 and (IDS-ADS < 3 or ADS-IDS < 3), and Sleep < 5 [in other
words if both IDS and ADS were present some of the time, and (the IDS questionnaire
value minus the ADS questionnaire is less than 3 points on the scale or the answers to the
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ADS and IDS questions differed by fewer than 3 points on the scale), and the infant was
awake some of the time within the 5-minute segment],
then assign the segment as IDSADS,
else
6) If Sleep not = 5 (in other words if the infant was awake some of the time),
then assign the segment as Alone
Rules (1) and (2) were used to identify 5-minute segments in which only or predominantly
IDS was present, while rules (3) or (4) were used to identify 5-minute segments in which only or
predominantly ADS was present. After identifying segments with predominantly IDS or ADS,
rule (5) was used to identify the remaining 5-minute segments as IDSADS, that is, cases where
similar amounts of IDS and ADS were present. Finally, rule (6) was used to identify the rest of
the segments as Alone but only if the infant was awake some of the time during the segment.
There are other ways to categorize the data for circumstance based on the questionnaire answers.
We tried two additional ways and the overall mixed model results were similar for all these
analyses. We prefer this categorization scheme because it balances the amounts of IDS and ADS
in obtaining an IDSADS group.
We began with a total of 1,260 five-minute segments to potentially be used in the
circumstance analysis. Forty RS 5-minute segments had also been independently selected as HV
based on the LENA automated analysis, so we included them only once in the analysis. We also
excluded 396 segments that had fewer than six coded syllables (including segments where the
infant slept the whole time). Also, an outlier 5-minute segment from one of the Chinese-learning
infants’ recordings at 11 months was excluded because it had an inordinately high CBR of .6.
See Table 4 for average occurrence of the circumstances (in minutes) per infant at each age
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among the 150 min (30 coded 5-min segments) per all-day home recording. After exclusions,
823 segments remained for circumstance analysis.
Table 4
Average Occurrence of the Circumstances (in Minutes) Per Infant at Each Age Among the 150
Min (30 Coded 5-min Segments) Per All-day Home Recording
EN 6 mo
CH 6 mo
EN 11 mo
IDS
33.08
38.13
43.46
ADS
24.23
14.38
21.54
IDSADS
23.46
22.50
26.92
Alone
16.92
14.38
16.54
Subtotal
97.69
89.38
108.46
Sleep or Syllables ≤ 5
52.31
60.63
41.54
Total
150
150
150
*Excluding the outlier with a CBR of .6 in a single Alone segment

CH 11 mo
31.25
21.25
33.75
3.75*
90.00
60.00
150

Statistical Analysis
A mixed-model analysis was used (SAS Proc Mixed). In this model, there was one
between-subject variable (infant language background [Chinese or English]), two within-subject
variables (infant age [6 and 11 months] and social circumstance [IDS, ADS, IDSADS, and
Alone]), one random variable (individual infants), and one dependent variable (CBR). Post hoc
Tukey tests were used to observe differences between groups.

Results
The mixed model analysis showed a significant main effect of infant age [F(1, 733) =
44.25, p < .001], a significant two-way interaction of infant age by social circumstance [F(3,
733) = 4.72, p < .01], and a significant three-way interaction of infant age by infant language by
social circumstance [F(3, 733) = 5, p < .01] when analyzing the CBR of the 823 segments. All
other main effects and interactions were not significant. We now consider the outcomes for each
of the hypotheses along with graphic illustrations.
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Table 5
Type III Test of Fixed Effects
Effect
age
language
age*language
circumstance
age*circumstance
language*circumstance
age*language*circumstance

Num df
1
1
1
3
3
3
3

Den Df
733
733
733
74
733
733
733

F-value
44.25
0.44
2.06
2.1
4.72
1.34
5

p
<.0001
0.5064
0.1512
0.1081
0.0028
0.2615
0.0019

Hypothesis 1: Chinese-learning infants will have higher CBR than English-learning infants at
both 6 and 11 months because of the relative simplicity of syllable structure in Chinese.
Figure 6 shows the overall CBR for infants at 6 and 11 months. The left-hand gray bars
and the right-hand orange bars represent the CBR of the English- and the Chinese-learning
infants at 6 and 11 months, respectively. The Chinese-learning infants had higher CBR at 6 and
11 months than the English-learning infants, but the differences were not statistically significant.
However, the CBR of both groups of infants at 11 months was significantly higher than their
CBR at 6 months, a significant age effect, as should be expected. The result was not, however,
consistent with hypothesis 1 because the effect of language was not significant.
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CBR

0.24
0.21
0.18
0.15
0.12
0.09
0.06
0.03
0

*
***

English-learning
infants
Chinese-learning
infants

6 months

Age

11 months

Figure 6. Canonical babbling ratio (CBR) and standard error (SE) by infant age and infant
language background. **p < .01 and ***p < .001.
Hypothesis 2: Infants at both 6 and 11 months will have higher CBR when interacting with
caregivers (infant-directed speech, IDS) than when overhearing adult-to-adult talk (adult-directed
speech, ADS).
Figure 7 shows the CBR of the two groups of infants at 6 and 11 months when hearing
predominantly IDS and ADS. The left-hand red bars represent the CBR of the two groups of
infants at 6 and 11 months when hearing IDS, while the right-hand blue bars represent the CBR
of the two groups of infants at 6 and 11 months when hearing ADS. The result was not consistent
with hypothesis 2 either. As previously mentioned, the three-way interaction of infant age by
infant language by social circumstance was significant [F(3, 733) = 5, p < .01]. A post hoc
Tukey test analysis showed that, contrary to our prediction, the Chinese-learning infants at 6
months and the English-learning infants at 11 months had significantly higher CBR when
hearing ADS than IDS (both were p < .05). The English-learning infants at 6 months also had
higher CBR when hearing ADS than IDS, but the difference was not statistically significant. The
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Chinese-learning infants at 11 months, produced the only comparison consistent with our
expectation, showing significantly higher CBR when hearing IDS than ADS (p < .01).
The Chinese-learning infants at 6 months had higher CBR than the English-learning
infants at 6 months in both the IDS and ADS circumstances, but the difference was not
statistically significant. However, when hearing IDS, the Chinese-learning infants at 11 months
had significantly higher CBR than the English-learning infants at 11 months (p < .01). When
hearing ADS, the English-learning infants at 11 months had higher CBR than the Chineselearning infants at 11 months, although the difference was not significant.
Again reflecting the age effect, Figure 7 shows that both groups of infants at 11 months
had higher CBR than at 6 months when hearing both IDS and ADS. The post hoc Tukey test
analysis showed that when hearing IDS, both groups of infants at 11 months showed
significantly higher CBR than when at 6 months (both were p < .001), but when hearing ADS,
only the English-learning infants at 11 months showed significantly higher CBR than at 6
months (p < .001).
All other post hoc comparisons across infant age, infant language background, and social
circumstance (IDS or ADS) were not statistically significant. Only the result from the Chineselearning infants at 11 months is consistent with hypothesis 2.
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CBR

0.15
0.12

IDS

0.09

ADS

0.06
0.03
0
EN_6

CH_6
EN_11
Language_Age

CH_11

Figure 7. Canonical babbling ratio (CBR) and standard error (SE) by infant language
background, infant age, and social circumstances IDS and ADS. *p < .05, **p < .01, and
***p < .001.
Hypothesis 3: Infants at both 6 and 11 months will have higher CBR when overhearing adult-toadult talk (ADS) than when they are alone (Alone).
Figure 8 shows the CBR of the two groups of infants at 6 and 11 months when hearing
ADS and when Alone. The left-hand yellow bars represent the CBR of the two groups of infants
at 6 and 11 months when Alone, while the right-hand blue bars represent the CBR of the two
groups of infants at 6 and 11 months when hearing ADS. As mentioned earlier, a single outlier
based on a 5-minute segment from one of the Chinese-learning infants at 11 months (CBR = .6,
an extremely high value based on this sample and previously published values) was not included
in the Alone data. After taking out the outlier, all the comparisons showed higher CBR in ADS
than in Alone, though not significantly in every case. Again reflecting the age effect, both groups
of infants at 11 months also had higher CBR than at 6 months when Alone and when hearing
ADS, but the language groups were not alike in this regard for the Alone and ADS
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circumstances. Only the English-learning infants had significantly higher CBR at 11 months than
at 6 months when Alone (p < .05) and when hearing ADS (p < .001). The Chinese-learning
infants showed very small mean differences across age for these circumstances. In addition, the
English-learning infants at 11 months showed significantly higher CBR when hearing ADS than
when Alone (p < .05). Though not statistically significant, the Chinese-learning infants at 6
months had higher CBR than the English-learning infants at 6 months both when Alone and
when hearing ADS. In contrast, the English-learning infants had higher CBR than the Chineselearning infants at 11 months when Alone and when hearing ADS, although again this effect was
not statistically significant.
All other post hoc comparisons across infant age, infant language background, and social
circumstance (Alone or ADS) were not statistically significant. The result was partially

CBR

consistent with hypothesis 3.
*

0.24
0.21
0.18
0.15
0.12
0.09
0.06
0.03
0

*
***

Alone
ADS

EN_6

CH_6
EN_11
Language_Age

CH_11

Figure 8. Canonical babbling ratio (CBR) and standard error (SE) by infant language
background, infant age, and social circumstances ADS and Alone. *p < .05 and ***p < .001.
Figure 9 summarizes all the data and illustrates the 3-way interaction, which corresponds
to several complexities. The figure illustrates the overall CBR for the two groups of infants at 6
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and 11 months in the four circumstances. Every circumstance corresponded to one language
group having notably higher CBR at one age, while the other circumstance did not show the
notably higher CBR at the other age. This complexity was not predicted in any of our
hypotheses. Also, the CBR of the IDSADS (a mixture of IDS and ADS) circumstance did not

CBR

always fall between the IDS and ADS values for CBR.
0.24
0.21
0.18
0.15
0.12
0.09
0.06
0.03
0

IDS
ADS
IDSADS
Alone
EN_6

CH_6
EN_11
Language_Age

CH_11

Figure 9. Canonical babbling ratio (CBR) and standard error (SE) by infant language
background infant age, and social circumstance.
Discussion
Effects of Language Environment and Age on Infant CBR
Infants growing up with different language backgrounds produce similar canonical
syllable types (CB, e.g., ba, ma, da). But do infants learning a language with relatively simple
syllable structure produce higher CBR (CBR=CB syllables/total syllables)? The onset seems to
be robust and is not delayed by Spanish-speaking families or English-Spanish bilingualism in the
home (Oller & Eilers, 1982; Oller et al., 1997). Here we investigated whether the relative
simplicity of syllables in Chinese might cause CB development to be accelerated in Chineselearning infants (i.e., Hypothesis 1). The results showed that the Chinese-learning infants had
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higher CBR at 6 and 11 months than the English-learning infants did, but the differences were
not statistically significant. The Chinese-learning infants showed a greater quantitative advantage
in CB over the English-learning infants at 6 months than at 11 months, and with a larger sample,
it is conceivable that the differences at 6 months would have been significant. The CBR of the
two groups of infants appeared to be very similar at 11 months, but again a larger sample size
would help with interpretation. Even though the language effect was not significant, both groups
showed significant age effects, suggesting, as we should expect, that the effect of age on the
development of CB is strong.
Effects of Social Circumstance on Infant CBR
In Gros-Louis et al. (2006), mothers responded to infants with more consonant–vowel
syllables when infants produced consonant–vowel syllables than when they produced vowel-like
sounds. Goldstein and Schwade (2008) also found that mother’s contingent vocal feedback to
infant babbling elicited more infant vocalizations that resembled mother’s speech. Following
Gros-Louis et al.’s (2006) and Goldstein and Schwade (2008) findings, the present study
hypothesized that as infants start to produce CB, parents may respond to those infants with more
advanced vocalizations, such as words (e.g., ‘mama’ or ‘mommy’) or nonsense CB, or tend to
imitate infants’ CB. With more advanced vocalizations from parents, infants, we reasoned, might
produce more CB in return. Therefore, the highest CBR was hypothesized to occur in the IDS
(infant-directed speech) circumstance (i.e., Hypothesis 2), an anticipated main effect of IDS. The
results were not consistent with Hypothesis 2, which posited that infants would be encouraged or
aroused to produce more CB during IDS regardless of language or age. What occurred instead in
the data was a three-way interaction of infant age by infant language by social circumstance.
This interaction was highly significant.
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Consider the following portrayal of the interaction as seen in Figure 9. The anticipated
age effect appears to occur, with higher CBR at 11 months than six months, but age interacted
with language and circumstance. At 6 months the two language groups showed similar CBR in
IDS, but at 11 months a substantially higher CBR was seen for the Chinese-learning infants over
the English-learning infants. The pattern for ADS (adult-directed speech) was, however, very
different, with Chinese-learning infants showing higher CBR at 6 months, and English-learning
infants showing higher CBR at 11 months. The Chinese-learning infants at 11 months showed
higher CBR when hearing IDS than ADS, which was consistent with Hypothesis 2, but the
advantage was insufficient to support the hypothesis because they were the only group (by age
and language) that showed that advantage. The outcome was far more complex than we had
anticipated.
We also hypothesized that infants would produce more CB when overhearing speech than
when alone (i.e., Hypothesis 3). The results were partially consistent with Hypothesis 3 (no
significant main effect of circumstance in spite of higher CBR in ADS than Alone for all four
age/language comparisons), which suggests that speech input may stimulate advanced infant
vocalizations, even if it is not IDS. The Alone circumstance may often correspond to a low
arousal state of the infant and thus may not encourage infants to produce advanced vocalizations.
However, the infants were not silent when alone. Even though they were not engaged in
interaction, infants produced sounds, presumably endogenously or to imitate what they
overheard, which shows an inclination to play with sounds, an activity that has been posited to
lay a foundation for language.
One possible explanation for why the results were not predicted by our hypotheses
concerns differences in the recordings made in laboratory or home settings. Our predictions were
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based in part on the findings of Gros-Louis et al. (2006). But in that study, parents were
instructed to interact with their infants in the laboratory setting of the study for ten minutes.
Within the ten minutes, only the parents and infants were in the room, and they were fully
engaged in face-to-face interaction. In our all-day home recordings, however, adults were not
instructed to interact with their infants. The parents may of course have interacted with their
infants intermittently, and the length of the interactions may have varied in length. The parents’
faces may not even have been visible to the infants when the parents interacted with them on
many occasions. In addition, the infants may have been distracted by sounds from the TV or
other people walking into the room. Thus, the circumstances in Gros-Louis et al. (2006) were not
comparable with those of our study, and the results may have been correspondingly affected.
The complexity of the interaction we found may be partly attributable to differences in
home environments and parenting attitudes from the US to Taiwan, differences that may interact
with age and tendencies to engage infants in vocal exchange. While infant volubility as a
function of circumstance has been extensively studied, ours is the first to empirically investigate
whether cultural or linguistic differences correspond to different amounts of CB across
circumstances. But the outcome was complicated. The Chinese-learning infants at 11 months had
higher CBR when hearing IDS than ADS, but the English-learning infants at 11 months had
higher CBR when hearing ADS than IDS. A possible interpretation for this complexity might
invoke the possibility that parenting practices (including the tendency to vocally engage the
infant) change across time in different ways across the cultures. In addition, it seems possible
that there were interactive effects that might have occurred due to factors we did not monitor,
such as size of the home (infants in larger homes might spend more time alone) and number of
family members (infants in larger or extended families or in homes that regularly received

80

visitors may have spent less time alone). The evidence in Table 4 suggests that indeed Chineselearning infants spent less time alone than English-learning infants.
Additional Findings: New Perspectives on the CBR
CBR as an indicator of the canonical babbling stage. We found, unexpectedly, that
both groups had CBR values notably lower than has been reported in typical laboratory studies.
Infants are usually portrayed as entering the CB stage at 6-10 months of age, and the reported
CBR has been reported to be equal to or greater than 0.15 (Lynch et al., 1995) based on review
of laboratory recordings. This value was selected based on early results in the study of the onset
of CB in Miami (see Oller, 2000 for review), but we found that even infants at 11 months had
average CBR’s of < 0.12. We conclude that the criterion used for laboratory recordings for
determining CB stage may not be suitable for naturalistic home recordings. A lower value may
be appropriate, as Jhang et al. (2014) have also suggested.
CBR varies by volubility. We found that the LENA-determined HV segments were not
necessarily the segments with the highest number of infant syllables; therefore, we manually
selected 10 HV_M (High volubility, that is, high sum of both CB and non-CB) segments and
LV_M (Low volubility) segments. Analyzing both sets by mixed models ANOVA, we found
that the three-way interaction of social circumstances x infant age x infant language was present,
but only for the HV_M data. That result suggests that the three-way interaction on infant CBR is
dependent on high infant volubility. See Appendix for details.
Limitations and Future Directions
In the present study, we used real-time coding. In the future, we plan also to localize both
infant and adult vocalizations using the repeat-listening method (where coders listen to an infant
utterance multiple times and set boundaries at the onset and offset of the utterance). If infant and
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adult vocalizations are coded this way, we will have much more accurate temporal information
including onsets and offsets of each vocalization. This kind of coding would provide a clearer
idea as to how parents responded to individual infant vocalizations either canonical or noncanonical. With the real-time method, we only obtained questionnaire-based judgments at the
segment-level about amount of IDS/ADS/Alone that occurred in each segment. With repeatlistening coding we will be able to label each caregiver utterance as IDS or ADS and thus
determine the nature of the infant input if any throughout segments. In addition, our primary
coders in the present study were mostly English speakers. Only one of the primary coders knew
Chinese. Although the coder agreement between Chinese and English coders in our study was
high, we will seek to balance language background of coders in future studies. Moreover, we did
not monitor factors such as size of the households, number of family members, infant gender, or
infant birth order, which we intend also to balance between the two groups in future studies.
There are serious challenges to interpretation of audio-only materials. In the future, we
hope for all-day video and audio in the home, but technological (head-worn cameras, storage of
video…) and social problems (invasion of privacy) will have to be surmounted. At present, we
do not know the number of people present with the infant and in many cases cannot determine
who they were (parent, sibling, friend…) in each 5-minute segment. For example, in the
IDSADS segments, we did not know how many people were talking to the infants nor how many
people were talking to each other. These patterns are especially difficult to interpret when there
are guests in the room. Also, it is difficult to judge the extent of an infant’s aloneness during a
segment without video. We were not even able to fully monitor the role of infants’ siblings in
each five-minute segment. Video would vastly enhance this kind of research. The fact that
English and Chinese differ dramatically not only in syllable structure but also in the presence of
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phonemic tones in Chinese but not in English was directly addressed in this study. Future
research might consider this difference by including more detailed coding to characterize internal
syllable structure and tone.
Conclusion
We set about to evaluate the possibility that CBR might vary with language background.
The simple syllables of Chinese might, we thought, facilitate early CB and high CBR compared
the complex syllables of English. We also sought to determine effects of interactive
circumstances on CBR in both groups of infants. The outcome was not as expected, because the
three factors, age, circumstance, and language, interacted significantly, greatly complicating
possible interpretations. The results give us pause in reflecting on the simple hypotheses that
have previously been investigated regarding such phenomena as ambient language effects
(Engstrand et al., 2003; Lee, Jhang, Chen, Relyea, & Oller, 2017) and the growth of CBR across
age in various groups of infants (Oller & Eilers, 1982; Oller et al., 1994; Törölä et al., 2012).
Future research should take circumstances of infant recordings into consideration when
evaluating infant CBR.
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Chapter 4: General Conclusion
In this dissertation, we considered the possibility that the simpler syllabic structure in
Chinese might facilitate and accelerate infant vocal development. To evaluate this possibility, we
investigated infant vocal development in English- and Chinese-learning infants between 6 and 12
months. The first study observed infant vocalizations in English- and Chinese-learning infants at
8, 10, and 12 months using home and lab recordings of American and Taiwanese families from
archives at the University of Memphis and the National Cheng Kung University. We found that
listeners could not detect ambient language differences in most infant utterances presented. They
could detect ambient language differences only for items deemed to be words or to contain
canonical syllables (e.g., [ma] or [da]) that may have made them sound like words with
language-specific shapes.
The findings of the first study indicated that infant vocalizations deemed to be words or
to contain canonical syllables showed discernable language-specific shapes. We further
investigated how CB syllables are developed in the second study, using a different set of
recordings (i.e., all-day home recordings) at 6 and 11 months to address the issue of infant
canonical babbling in English- and Chinese-learning infants as well as possible variations in
amount of canonical babbling across different social circumstances (during infant-directed
speech, during infant overhearing of adult-directed speech, or when infants were alone). The
results, based on randomly selected segments from all-day home recordings, showed CBR was
influenced by various factors including age, language/culture, and social circumstances.
In sum, both studies investigated whether infants learning different ambient languages
have started to show distinct vocal patterns between 6 and 12 months of age, and the results of
both studies showed complex interactions among variables. We found that infants started to
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produce vocalizations with language-specific elements that were discernible to adult listeners,
but those utterances may have been lexical items, in our first study. We also found that infants
produced different numbers of canonical syllables in different social circumstances and at
different ages in the second study, although the effect was complex. The Chinese-learning
infants showed higher but not statistically higher CBR than English-learning infants at both ages.
The complexity may be partly attributable to differences in home environments and parenting
attitudes from the US to Taiwan, differences that may interact with age and tendencies to engage
infants in vocal exchange. Prior study has focused almost exclusively on infants learning English
or other European languages, so this dissertation extends cross-language comparisons. This
dissertation also provided an estimate of the occurrence of language-phonetic forms in babbling
and early speech for English- and Chinese-learning infants (8, 10 and 12 months) along with
quantitative estimates of CBR for researchers and clinicians for infant English- and Chineselearning infants (6 and 11 months).
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Appendix
Method for the Volubility Analysis
We found that the LENA-determined HV segments were not necessarily the segments
with the highest number of infant syllables; therefore, we selected 10 HV_M segments manually
(HV_M). First, the total number of coded syllables in each five-minute segment was determined.
After ranking the five-minute segments with regard to the total number of coded syllables per
all-day home recording, the top 10 five-minute segments regarding number of infant syllables for
the recording were categorized as HV_M segments (n=403 segments). The remaining segments
were categorized as low volubility segments (LV_M, n=420 segments). Table 6 shows the
average occurrence of the circumstances (in minutes) per infant at each age among the HV_M
and LV_M five-minute segments per all-day home recording.
The same mixed-model analysis described in the main text was used (SAS Proc Mixed)
for two more times. In this model, there was one between-subjects variable (infant language
background [Chinese or English]), two within-subjects variables (infant age [6 and 11 months]
and social circumstance [IDS, ADS, IDSADS, and Alone]), one random variable (individual
infants), and one dependent variable [(1) one with the CBR of the HV_M five-minute segments
as the dependent variable and (2) one with the CBR of the LV_M five-minute segments as the
dependent variable].
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Table 6
Average Occurrence of the Circumstances (in Minutes) Per Infant at Each Age Among the
HV_M and LV_M Five-minute Segments Per All-day Home Recording

IDS

EN 6 mo

CH 6 mo

LV_M

HV_M

LV_M

15.38

17.69

13.13

EN 11 mo

CH 11 mo

HV_M

LV_M

HV_M

LV_M

HV_M

25.00

20.77

22.69

6.88

24.38

15.63
15.63
3.13
41.25
60.00

5.63
18.13
0.63*
48.75

ADS
13.46 10.77 7.50
6.88
11.54 10.00
IDSADS
13.46 10.00 11.88
10.63 18.08 8.85
Alone
8.85
8.08
9.38
5.00
8.85
7.69
Subtotal
51.15 46.54 41.88
47.50 59.23 49.23
Sleep or Syllables ≤ 5 52.31 0
60.63
41.54 0
0
Total
150
150
150
*Excluding the outlier with a CBR of .6 in a single Alone segment

0
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Results for the Volubility Analysis
The mixed model analyses, displayed in Figure 10, revealed a significant three-way
interaction of infant age by infant language by social circumstance (p < .01) when analyzing the
CBR of the HV_M segments. However, when the CBR of the LV_M segments were analyzed,
the three-way interaction was not significant. In the LV_M model, only a main effect of age was
significant. Thus, when 11-month-old Chinese-learning infants produced higher volubility for
IDS (in HV_M segments), the sounds produced were more likely to include canonical syllables
than in any of the other circumstances (ADS, IDSADS, and Alone), just as for the overall data.
The Chinese-learning infants at 6 months in IDS in HV_M segments showed lower CBR than in
any of the other circumstances, also consistent with the overall data. Moreover, the pattern of
CBR with regard to IDS in the English-learning infants differed from that of the Chineselearning infants at 11 months for both the overall data and the HV_M data.
The fact that the analyses for both the overall data set and the HV_M segments, but not
the LV_M segments, showed significant three-way interactions suggests that the complex effects
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of social circumstances may be most discernible when infants were vocally active (i.e., HV_M
segments). That is, the three-way effect of social circumstances x infant age x infant language on
infant CBR appears to be substantially influenced by infant volubility.
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0.03
0
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CBR
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Figure 10. LV_M and HV_M canonical babbling ratio (CBR) and standard error (SE) by infant
language background infant age, and social circumstance.
In addition, after breaking the dataset into LV_M and HV_M segments, we found that
CBR in HV_M segments was overall higher than in LV_M segments both at 6 and 11 months—
see Figure 10, where every one of the 16 bars is higher for HV_M than for LV_M. That is, when
the infants were vocally active, they not only produced more vocalization overall, but also
produced proportionally more CB. This is a new finding as far as we are aware, and it has
significant implications about sampling to estimate infant vocal capabilities. The notion of a
“representative” sample of infant vocalizations clearly needs to take into account both the nature
of the recording circumstance and volubility.
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